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Description 

B^Okgrpund of the Inv^pfen 
5 Field of the Invention 

The present invention relates to a painting on a surface of a product such as a wheel cover in which a pattern is 
magnetically formed by using a paint medium containing magnetic bodies. The invention also relates to the painted 
product according to the preamble of claim 1, a method of making the painted product according to the preamble of 
10 claim 1 2. and an apparatus for painting the product according to the preamble of claim 25. 

Description of the Background Art 

Conventionally, there has been used a metallic painting coated on a surface of a metallic or plastic product In which 
IS a metallic luster is obtained on the painted surface by using a transparent paint medium containing fine powders of alu- 
minum or oxidized iron, where the metallic luster is produced by tiie reflection of the incident light rays in random direc- 
tions by the fine powders contained witiiin the paint medium. 

On the other hand, conventionally, the pattern of desired shape has been formed on a metallic or plastic product by 
using a mask painting. In such a mask painting, the product manutectured in a desired form is covered by a masking 
20 having either a negative or a positive shape corresponding to the desired pattern to be formed and the spray painting 
is applied onto the masked product. 

However, the pattern formed by such a conventional mask painting procedure has a very poor sense of perspec- 
tive. 

For this reason, in order to obtain the sufficient sense of perspective, it has been necessary conventionally to man- 

25 ufecture tiie product in a fliree dimensional shape. 

However, when the product is formed in a tiiree dimensional shape by using an injection molding, a flow mark or a 
weld line is easily formed on a surface of the molded product due to the flow of the molding material such as synthetic 
resin through the injection portion of the mould during the injection molding process, and tiie mechanical strengtii of tiie 
product is reduced at such a weld line while the outer appearance is damaged at such a flow mark. 

30 In order to cope with this situation, there has been proposed in Japanese Patent Application Laid Open No. 63- 
1 75670 a method of forming a pattern by utilizing tiie magnetic field. In this metiiod, a product to be painted made of a 
non-magnetic material such as plastic or a ferromagnetic material such as iron is painted with a paint medium contain- 
ing fine powders of magnetic bodies in a fluid state first, and then a pattern is formed on the painted product by applying 
the magnetic field to the painted product while tiie paint medium is still in tiie fluid state in which the fine powders of tiie 

35 magnetic bodies contained within tiie paint medium can freely move witiiin tiie paint medium. 

In this method, the pattern is formed within the paint layer on the painted surface by the application of the magnetic 
field which changes the orientation of tiie fine powders of the magnetic bodies contained within the paint medium with 
respect to tiie painted surface and moves or concentrates the fine powders of tiie magnetic bodies along tiie magnetic 
field lines. 

40 However, this method requires the thickness of the paint layer to be suff icientiy greater than tiie size of ttie fine pow- 
ders of the magnetic bodies because it Is necessary to move and change the orientation of the magnetic bodies within 
the paint layer. In addition, it is also necessary in this method to maintain tiie fluid state of tiie paint medium until the 
move and tiie change of the orientation of tiie magnetic bodies are completed. 

As a consequence, it is difficult for tiiis method to be carried out at high speed because tiie drying of tiie paint 

45 medium must be slow, and in addition, it is difficult to apply this method to a surface inclined with respect to the horizon- 
tal plane. 

Moreover, tiie pattern that can be formed by using this metiiod is rather limited because it is difficult to manipulate 
the regularity of the orientation of the magnetic bodies locally in particular, it has been difficult to form a magnet con- 
figuration capable of forming a desired pattern having a desired size, a desired contour line width, and a desired con- 
so trast witii respect to tiie otiier portion. In addition, it has been very difficult to change the width of the contour line freely 
or continuously 

Furtiiermore, in this metiiod, ttiere is a possibility of leaving line shaped traces on the painted surface due to the 
magnetic bodies moved witiiin the paint layer, which can damage the outer appearance of the painted product signlfi- 
cantiy 

55 A painted product according to the preamble of claim 1 is known from US 5 079 058. In tiiis known product, a pat- 
tern is produced by applying a magnetic field to a region of said paint layer corresponding to a pattern. Applying of tiiis 
magnetic field effects an orientation of tiie magnetic particles such that tiie oriented area becomes transparent or trans- 
lucent so tiiat it is possible to see a color of a substrate of said painted layer through said painted layer. TTie areas of 
the paint layer surrounding tiie region forming the pattern is non-oriented and therefore, non-transparent. 
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It is the object of the present invention to provide a product incorporating the magnetically formed pattern, wherein 
the pattern appears to have a three-dimensional appearance, due to the orientation of the magnetic paint and additives. 
This is achieved by the features indicated in the independent claims 1 , 1 2 and 25. 

In accordance with the foregoing objectives, there has been provided, in accordance with one aspect of the present 
invention, a painted product with a desired pattern formed thereon, comprising: a product body; and a paint layer 
formed on a surface of the product body, the paint layer including: a paint medium capable of transmitting light rays inci- 
dent on the paint layer; and a multiplicity of magnetic non-spherical particles mixed into the paint medium, wherein the 
magnetic non-spherical particles include first type magnetic non-spherical particles which are oriented to be substan- 
tially parallel to a surface of the paint layer and arranged in a shape corresponding to the desired pattern to be formed 
on the painted product, and second type magnetic non-spherical particles which are oriented to be substantially non- 
parallel to the surface of the paint layer and arranged with respect to the first type magnetic non-spherical particles, 
such that the desired pattern is visible on the surface of the product body as the light rays incident on the paint layer are 
influenced differently by the first and second type magnetic non-spherical particles. 

According to another aspect of the present invention there is provided a method of painting a product with a desired 
pattern formed on the painted product, comprising the steps of: fbrming a paint layer in a liquid state on a surface of the 
product, wherein the paint layer conrprises a paint medium capable of transmitting light rays Incident on the paint layer; 
and nnuttiplicity of magnetic non-spherical particles mixed into the paint medium; applying a magnetic field to tiie prod- 
uct, the magnetic field having a first region containing lines of magnetic force which are oriented to be substantially par- 
allel to a surface of the painted product and arranged in a shape corresponding to the desired pattern to be formed on 
the painted product, and second region containing lines of magnetic field which are oriented to be substantially non- 
parallel to tiie surface of the painted product and arranged around the first region; and solidifying the paint layer in a 
state in which first type magnetic non-spherical particles located in the first region at tiie applying step are oriented to 
be substantially parallel to a surface of the paint layer and arranged in a shape con-esponding to the desired pattern to 
be formed on the painted product, while second type magnetic non-spherical particles located in the second region at 
the applying step are oriented to be substantially not parallel to the surface of tiie paint layer and arranged with respect 
to the first type magnetic non-spherical particles, such that tiie desired pattern is visible on the surface of tiie painted 
product as tiie light rays incident on tiie paint layer are influenced differently by tiie first and second type magnetic non- 
spherical particles. 

According to another aspect of the present invention tiiere is provided an apparatus for painting a product witii a 
desired pattern formed on tiie painted product, comprising: support means for supporting the product; painting means 
for forming a paint layer on a surface of the product, the paint layer including: a paint medium capable of ti'ansmitting 
light rays incident on the paint layer; and a multiplicity of magnetic non-spherical particles mixed into tiie paint medium; 
magnetic field production means for applying a magnetic field to tiie paint layer formed by the painting means on the 
surface of tiie product supported by tiie support means, tiie magnetic field having a first region containing lines of mag- 
netic force which are oriented to be substantially parallel to a surface of the painted product and arranged in a shape 
corresponding to tiie desired pattern to be formed on tiie painted product, and second region containing lines of mag- 
netic field which are oriented to be substantially non-parallel to the surface of tiie painted product and arranged with 
respect to the first region. 

Other objects, features, and advantages of the present invention will become apparent from the following desaip- 
tion taken in conjunction with the accompanying drawings. 

Brief Description of tiie Drawings 

Fig. 1 is a diagram for explaining the basic principle of the product witti magnetically formed pattern according to 
the present invention. 

Figs. 2A, 2B. 20. and 2D are enlarged views of magnetic flakes in various orientations in the paint layer shown in 
Rg. 1 , for explaining the resulting appearances. 

Fig. 3 is a schematic side and top plan views of one example of an anangement of a magnet for fbrming the pattern 
according to tiie present invention. 

Fig. 4 is a schematic side view of another e)smple of an arrangement of a magnet for fbmiing the pattern according 
to tiie present invention. 

Fig. 5 is a schematic side view of another example of an arrangement of a magnet for fomiing the pattern according 
to the present invention. 

Fig. 6 is a schematic side view of another example of an arrangement of a magnet for forming the pattern according 
to tiie present invention. 

Fig. 7 is a schematic side view of another e)ample of an arrangement of a magnet for fbrming the pattern according 
to tiie present invention. 

Fig. 8 is a schematic side view of another example of an arrangement of a magnet fbr fbmiing the pattern according 
to the present invention. 
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Fig. 9 is a schematic side view of another example of an arrangement of a magnet for forming the pattern according 
to the present invention. 

Fig. 10 is a schematic side view of another example of an arrangement of a magnet for forming the pattern accord- 
ing to the present Invention. 

5 Fig. 11 A Is a schematic top plan view of an exanrtple of a magnet for forming a ring shaped pattern according to the 
present invention, and Fig. 11 B is a partial cross sectional view along Z-Z line indicated In Fig. 1 1 A. 

Fig. 12A is a schematic top plan view of another example of a magnet for forming a ring shaped pattern according 
to the present invention, and Fig. 12B is a partial cross sectional view along Y-Y line indicated in Fig. 12A. 

Fig. 13A is a top plan view of an example of a magnet for forming a V shaped pattern according to the present 
10 invention. Fig. 13B is a top plan view of the V shaped pattern formed by the magnet shown in Fig. 13A, and Fig. 13C is 
a partial aoss sectional view along X-X line indicated in Rg. 13B. 

Fig. 14A is a schematic top plan view of an example of a magnet for forming a circular shaped pattern according to 
the present invention, and Fig. 1 4B is a top plan view of tiie circular shaped pattern formed by the magnet shown in Rg. 
14A. 

IS Fig. 15A is a top plan view of an example of a wheel cover with desired patterns formed according to the present 
invention, and Fig. 15B is a cross sectional view along A>A line Indicated in Fig. 15A. 

Fig. 16A is a top plan view of magnets to be used in forming the desired patterns on the wheel cover shown in Figs. 
15A and 15B, and Fig. 166 is a cross sectional view along B-B line indicated in Fig. 16A. 

Fig. 17 is a schematic aoss sectional view of an apparatus for forming a paint layer on the wheel cover shown in 
20 Figs. 15A and 15B. 

Fig. ISA Is a top plan view of another example of a wheel cover with desired patterns formed according to the 
present invention, and Fig. 18B is a cross sectional view along C-C line indicated in Fig. ISA. 

Fig. 1 9 is a schematic cross sectional view of an apparatus for forming a paint layer on the wheel cover shown in 
Figs. ISA and 18B. 

25 Fig. 20 is a top plan view of magnets to be used in forming the desired patterns on the wheel cover shown in Figs. 
18Aand18B. 

Fig. 21 A is a top plan view of a desired nut shaped pattern to be formed on the wheel cover shown in Figs. 1 SA and 
18B, Fig. 21 B is a diagram indicating tiie colors in which various parts of the desired nut shaped pattern shown in Rg. 
21 A appear, Fig. 21 C is a diagram indicating typical orientations of magnetic flakes at various parts of the desired nut 
30 shaped pattern shown in Rg. 21 A, and Fig. 21 D is a cross sectional view along D-D line indicated In Fig. 21 A. 

Fig. 22 is an enlarged cross sectional view of an edge portion of the magnet used in forming the desired nut shaped 
pattern shown in Fig. 21 A, indicating locations at which the lines of magnetic force are parallel to tiie surface of tiie paint 
layer. 

Fig. 23 is a graph of tiie measured locations at which tiie lines of magnetic force are parallel to tiie surface of tiie 
35 paint layer. 

Fig. 24 is a cross sectional view of the magnet used in forming the desired nut shaped pattern shown in Rg. 21 A, 
indicating desired size of tiie magnet in relation to the thickness of the product body. 

Fig. 25 is a schematic cross sectional view of an ahemative anrangement of the magnet used in forming the desired 
nut shaped pattern shown in Fig. 21 A. 
40 Fig. 26 is a schematic cross sectional view of an apparatus for forming a paint layer on the wheel cover shown in 
Rgs. ISA and 18B, adopting tiie alternative arrangement of the magnet shown in Fig. 25. 

Fig. 27A is a top plan view of a desired pattern in a shape of arable numeral figure "1 " to be formed on tiie product. 
Fig. 27B is a cross sectional view along E'-E' line Indicated in Fig. 27B, Fig. 27C is a diagram indicating typical orienta- 
tions of magnetic flakes at various parts of tiie desired pattern shown in Fig. 27A, and Fig. 27D is a diagram indicating 
45 the colors in which various parts of the desired pattern shown in Fig. 27A appear. 

Fig. 28 is a schematic cross sectional view of an apparatus for forming a paint layer on tiie product witii the desired 
pattern shown in Rg. 27A. 

Fig. 29 is a perspective view of a magnet to be used in forming the desired pattern shown in Rg. 27 A. 

Fig. 30 is a schematic cross sectional view of an alternative arrangement of the magnet used in forming the desired 
so pattern shown in Rg. 27A. 

Fig. 31 is a perspective view of a magnet assembly to be used in forming tiie desired pattern in a shape of alpha- 
betical letter figure "E" to be formed on the product. 

Fig. 32 is a perspective view of a magnet to be used in forming the desired ring shaped pattern to be formed on tiie 
product. 

55 Fig. 33 is a schematic cross sectional view of an apparatus for forming a paint layer on tiie product witii various 
desired pattern shown in Rg. 34B. 

Fig. 34A is a diagram indicating the colors in which various parts of the desired pattern shown in Rg. 34B appear. 
Fig. 34B is a top plan view of an example of a desired pattern to be formed on the product by using two magnets, and 
Fig. 340 is a cross sectional view along F-F line indicated in Fig. 34B. 
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Figs. 35A and 35B are mutually corresponding enlarged views of a main portion in Rgs. 34A and 34C. 

Fig. 36A is a diagram indicating the colors in wliich various parts of a pattern shown In Fig. 36B appear, Fig. 36B 
is a top plan view of a pattern to be formed on the product by using only one magnet, and Rg. 38C is a cross sectional 
view along G-G line indicated in Fig. 368. 
5 Fig. 37A is a diagram indicating the colors in which various parts of the desired pattern shown in Fig. 378 appear, 
Fig. 378 is a top plan view of another example of a desired pattern to be formed on the product by using two magnets, 
and Fig. 37C is a cross sectional view along H-H line indicated in Fig. 37B. 

Fig. 38A Is a diagram indicating the colors in which various parts of the desired pattern shown in Fig. 38B appear. 
Fig. 388 is a top plan view of an example of a desired pattern to be formed on the product by using a magnet and a 
10 magnetic field adjustment member, and Fig. 38C is a cross sectional view along J-J line indicated in Fig. 38B. 

Fig. 39A is a diagram indicating the colors in which various parts of a pattern shown In Fig. 398 appear. Fig. 398 
is a top plan view of a pattern to be formed on the product by using a magnet alone, and Fig. 39C is a cross sectional 
view along K-K line indicated in Rg. 39B. 

Fig. 40A is a diagram indicating the colors in which various parts of the desired pattern shown in Rg. 408 appear. 
IS Fig. 40B is a top plan view of another example of a desired pattern to be formed on the product by using two magnets, 
and Fig. 40C is a cross sectional view along L-L line indicated in Fig. 408. 

Fig. 41 A is a diagram indicating the colors in which various parts of a pattern shown in Fig. 41 8 appear, Fig. 41 B 
is a top plan view of another pattern to be formed on the product by using only one magnet, and Fig. 41 C is a cross 
sectional view along M-M line indicated in Fig. 41 8. 
20 Fig. 42A is a top plan view of a product with the desired pattern formed thereon, whose cross section had been 
microscopically observed, and Fig. 42B is a cross sectional view of a product and a magnet during ttie formation of the 
desired pattern shown in Fig. 42A. 

Fig. 43A is a perspective view of a sample for microscope observation prepared from the product shown in Rg. 
42A, and Fig. 438 is an enlarged partial perspective view of the sample shown in Fig. 43A, indicating locations at which 
25 the microscope observation of the aoss section of the sample shown in Fig. 43A had been made. 

Fig. 44 is a table summarizing the result of tiie microscope observation of the cross section of tiie sample shown 
in Fig. 43A. 

Fig. 45A is a photomicrographic image taken at a location LO indicated in Fig. 438, and Fig. 458 is a diagram for 
explaining tiie photomicrographic image shown in Fig. 45A. 
30 Rg. 46A is a photomicrographic image taken at a location LI indicated In Fig. 438, and Fig. 468 is a diagram for 
explaining the photomicrographic image shown in Fig, 46A. 

Fig. 47A is a photomicrographic image taken at a location 1.2 indicated in Fig. 438, and Fig. 478 is a diagram for 
explaining the photomicrographic image shown in Fig. 47A. 

Fig. 48A is a photomicrographic image taken at a location L3 indicated in Fig. 438, and Rg. 488 is a diagram for 
35 explaining tiie photomicrographic image shown in Fig. 48A. 

Fig. 49A is a photomicrographic image taken at a location lA indicated in Fig. 438, and Fig. 498 is a diagram for 
explaining the photomicrographic image shown in Fig. 49A. 

Fig. 50A Is a photomicrographic image taken at a location L5 Indicated in Fig. 438, and Fig. SOB is a diagram for 
explaining the photomicrographic image shown in Fig. 50A. 
40 Fig. 51 A Is a photomicrographic image taken at a location LB indicated in Fig. 438, and Rg. 518 is a diagram for 
explaining the photomicrographic image shown in Fig. 51 A. 

Fig. 52A is a photomicrographic image taken at a location L7 indicated in Fig. 438, and Fig. 528 is a diagram for 
explaining the photomicrographic image shown in Fig. 52A. 

Fig. 53A is a photomicrographic image taken at a location LB indicated in Fig. 438. and Fig. 538 is a diagram for 
45 explaining the photomicrographic image shown in Fig. 53A. 

Fig. 54A is a photomicrographic image taten at a location IJ9 indicated in Fig. 438, and Fig. 548 is a diagram for 
explaining the photomicrographic image shown in Rg. 54A. 

Fig. 55A is a photomicrographic image taken at a location L10 indicated in Rg. 438, and Fig. 558 is a diagram for 
explaining the photomicrographic image shown in Fig. 55A. 

so 

D^t^lrt DgSCrjptiQn Qfthe Pfgfgffgd Emiffllimgnte 

First, with reference to Fig. 1 , a basic principle of the present invention will be described in detail. 

In Rg. 1, there is provided a product 1 1 to be painted, which is made of a non-magnetic material such as plastic. 
55 On a lower side of the product 1 1 . there is provided a magnet 13 such as a permanent magnet which is manufactured 
in advance in such a shape tiiat tiie magnetic field corresponding to the desired pattern to be formed on the product 1 1 
is produced on tiie product 1 1 . 

In Rg. 1 . the magnet 13 has an N pole on an upper side directiy below the product 1 1 and an S pole on a lower 
side, and the magnetic field lines due to ttiis magnet 1 3 are depicted by dashed lines. As shown in Fig. 1 , in a region A 
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directly above the magnet 1 3. the magnetic field lines are directed to be substantially perpendicular to tiie surface of a 
paint layer 1 5 to be formed on tiie surface of the product 1 1 , while in a region B adjacent to the region A, the magnetic 
field lines changes their directions abruptly, such that they are directed to be substantially parallel to the surface of the 
paint layer 1 5 to be formed on the surface of the product 11 in a middle of the region B. Then, in a region C adjacent to 

5 the region B. the magnetic field lines are directed to be uniformly oblique to tiie surface of the paint layer 1 5 to be formed 
on the surface of tiie product 11 . In the region D adjacent to the region C which is sufficiently distance from the magnet 
13, the magnetic field strength becomes signrficantiy weaker as tiie magnetic field strength H changes in inverse pro- 
portion to a distance from the magnet 13, according to H = nrV47i^ • R/r^ where m is a magnetic moment, ^ is a mag- 
netic permeability, r is a distance from the magnet 13, and capital letters denote the vector quantities. 

10 Then, on an upper side of the product 1 1 witii such a magnetic field as shown in Fig. 1 formed by ttie magnet 13, 
the paint layer 15 is formed by the spray painting of a paint mixture prepared in advance which comprises a paint 
medium, which is preferably transparent, in fluid state in which a multiplicity of tiny non-spherical particles of magnetic 
bodies 17 (referred hereafter as magnetic flakes), which are preferably made of iron, nickel, cobalt, or tiieir alloys, 
although any magnetic non-spherical particles can be used, are mixed uniformly by using a volatile solvent. Here, tiie 

IS paint layer 15 may be semi-transparent or colored in white, yellow, or any other desired pale color in order to provide 
the background in tiie desired pale color on the surface of the painted product. 

Here, each of the magnetic flakes 17 in the paint layer 15 are oriented along its orientation angle 6 determined 
according to the magnetic field due to the magnet 13, and then maintained and eventually fixed in tiiat orientation angle 
e by the surrounding transparent paint medium. The density of the magnetic flakes 1 7 in the paint layer 15 depends on 

20 the spray speed used in the spray painting of tiie painting mixture, as well as the magnetic flux density of tiie magnetic 
field produced by the magnet 13. 

Thus, as shown in Fig. 1, the magnetic flakes 17 in the region A are oriented to be sut)stantially perpendicular to 
the paint layer 1 5 formed on the surface of the product 1 1 , while the magnetic flakes 1 7 in a middle of tiie region B are 
oriented to be sut)stantially parallel to tiie surlace of the paint layer 15 formed on tiie surface of the product 1 1 . Also. 

25 the magnetic flakes 17 in the region C are oriented to be uniformly oblique to the surfece of the paint layer 15 formed 
on the surface of the product 1 1 , while the magnetic flakes 1 7 In tiie region D are oriented at random as tiie magnetic 
field strength becomes signrficantiy weaker in tiie region D. 

Finally, on top of ttiis paint layer 15, a top coat layer 19 is formed by the spray painting of another transparent paint 
medium which does not contain any tiny flakes of tiie magnetic bodies 1 7. Here, tiie top coat layer 19 may be colored 

30 in any desired color In order to provide the background in ttie desired color on the surface of tiie painted product 

In further detail, ttie orientation of the magnetic flakes in the regions A to D appear as shown in Figs. 2A to 2D. 
respectively. Figs. 2A to 2D show a case in which tiie paint layer 15 are painted in tiiree layers produced by moving the 
spray gun tiiree times over the surface of the product 11 . In general, by reducing an amount of the paint mixture to be 
sprayed from tiie spray gun in each spraying and repeating such a spraying for a number of times, the magnetic flakes 

35 1 7 can be oriented more regularly as tiie transparent paint medium accompanying witii tiie magnetic flakes 1 7 can be 
limited. Also. Figs. 2A to 2D show a case in which tiie surface of tiie product 1 1 is colored in gray and the magnetic 
flakes 17 are made from nickel which are usually colored in silver white. 

In the region A, the magnetic flakes 17 are oriented to be substantially perpendicular to the surface of the paint 
layer 15 formed on tiie surface of tiie product 1 1 as shown in Rg. 2A. so that most of the light rays incident from ttie 

40 upper side of the product 1 1 are either passed through tiie paint layer 1 5 or absorbed in tiie product 11 . so tiiat ttiere 
. is very little reflection from the surface of tiie product 1 1 in this region A and consequentiy this region A appears to be 
colored darker than gray when viewed from the upper side of tiie product 1 1 . 

In the middle of ttie region B, the magnetic flakes 17 are oriented to be substantially parallel to the surface of the 
paint layer 15 formed on tiie surface of tiie product 1 1 as shown in Fig. 2B, so tiiat most of the light rays incident from 

45 the upper side of ttie product 1 1 are reflected by ttie magnetic flakes 1 7, and consequently tiiis region B appears to be 
colored lighter than gray when viewed from the upper side of the product 1 1 . Here, this region B appears almost in white 
as the magnetic flakes 1 7 made of nickel are colored in silver white. However, this region B can be made to appear in 
gold by coating each of the magnetic flakes 1 7 by a coating material colored in gold in advance. 

In the region C. the magnetic flakes 17 are oriented to be uniformly oblique to the surface of the paint layer 15 

50 formed on the surface of the product 1 1 as shown in Fig. 2C, so ttiat tiie light rays incident from a left upper side L of 
the product 1 1 are reflected by the magnetic flakes 1 7 while ttie light rays incident from a right upper side of ttie product 
1 1 are passed flirough or absorbed t>y tiie product 1 1. Consequentiy, this region C appears to be colored lighter ttian 
gray when viewed from the left upper side L of the product 1 1 whereas tills region C appears to be colored darker than 
gray when viewed from the right upper side R of the product 11. 

55 In the region D. the magnetic flakes 17 are oriented at random as shown in Fig. 2D. so that light rays incident from 
the upper side of the product 1 1 are scattered in random directions, and consequentiy tiiis region D appears to be 
colored In gray. 

Now, the following points should be noted in tiie present Invention as described above, which are valid for all tiie 
examples to be described below. 
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First, it is preferable for the product which is to be painted to be made from a non-magnetic material such as plastic 
or aluminum, but it Is also possible for the product to be painted to be made from a magnetic material, such as a fen-o- 
magnetic material, e.g., iron or an alloy containing iron. 

Also, the shape of the product to be painted is basically unlimited, except that the thickness of the portion to be 

5 painted should be thin enough for the magnetic field produced by the magnet placed on the back side of the product to 
control the orientation of the magnetic flakes contained within the paint layer formed on the front side of the product. 
However, if the product is thicker, as explained hereinafter, then the magnet can be placed on the front side of the prod- 
uct to control orientation. Accordingly, thicker products of any shape can also be used. 

As for the magnetic non-spherical particles to be mixed in the paint mixture, it is preferable for each magnetic flake 

10 to have a f take-like thin plate shape. The shape of the flat plane in the flake-like thin plate shape of each magnetic flake 
is basically unlimited. Here, It Is to be noted that even though the multiplicity of tiny magnetic bodies to be mixed in the 
paint medium are described as "magnetic flakes'* in the description of the prefered embodiments, In general, the mul- 
tiplicity of tiny magnetic bodies to be mixed in the paint mixture can take on any non-spherical particle shapes. 

As the magnetic flakes used in the present invention, any known magnetic flakes, in any known size can be used. 

IS It is preferable to use magnetic flakes made of ferromagnetic material such as iron, nickel, cobalt, or their alloys, which 
can easily be magnetized by the externally applied magnetic field. However, it is also possible to use magnetic flakes 
made of diamagnetic material such as bismuth, antimony, copper, and zinc. Moreover, the magnetic flakes may be 
coated with various coatings, including with gold plating or silver plating, or colored by non-magnetic colored paint. Fur- 
thermore, the magnetic flakes can be non-magnetic flakes which have been coated with a magnetic coating. It is pref- 

20 erable for each magnetic flake to have a size of about 0.1 to about 1 .0 \im in thickness, and about 10 to about 1 00 ^m 
or more preferably about 15 to about 25 urn in length. 

As for the paint medium to be used in the paint mixture, any medium capable of transmitting light can be used. It is 
preferable that the medium contain a resin or mixture of resins which can be dried or hardened by reaction at room tem- 
perature. It is also possible to use as the medium one which can be hardened by heating or ultraviolet radiation. For 

25 example, one or more of alkyd resins, polyester resins, acrylic resins, polyurethane resins, or vinyl resins can be used 
for the paint medium. The medium preferably contains a solvent for the resin. For the solvent, generally, either an 
organic solvent or water can be used. A volatile solvent can also be used in the medium. As for the volatile solvent, it is 
preferable to use a solvent which is both volatile as well as dilutable, such as a thinner. Here, in particular, faster drying 
of the medium can be achieved by increasing the amount of the solvent with low boiling point such as methyl ethyl 

30 ketone (MEIQ. 

When the paint medium is one which can be hardened by heating, it is necessary to heat the painted product after 
the magnetic flakes are fixed within the paint layer, by the application of heat, for example, from a heated air blow or 
Infrared radiation. When the paint medium is one which can be hardened by ultraviolet radiation, it is necessary to apply 
the UV radiation to the painted product by using ultraviolet radiation from, for example, a mercury lamp. 

35 The magnetic flakes may be mixed in the paint medium in any desired amount depending upon the desired pattern 
to be formed. It is preferable for the paint mixture to have the mixture rate of about 1 to about 60 parts by weight of the 
magnetic flakes per 100 parts by weight of the vehicle, or more preferably the mixture rate of 30 to 40 parts by weight 
of the magnetic flakes per 100 parts by weigtit of the vehicle. 

The term paint used throughout the specification refers to the coating containing the magnetic non-spherical parti- 

40 cles. This "paint" may optionally contain other additives, for example, additives which give the desired color to the 
painted product. 

The apparatus for can-ying out the spray painting of tiie paint mixture can be realized by using conventionally avail- 
able spray painting apparatus. 

In addition, the painting of the paint mixture can be realized by painting methods other tiian spraying, such as dip- 
45 ping and flow coating. 

It is also preferable to provide a transparent or semi-transparent top coat layer which does not contain any magnetic 
flakes, on top of the paint layer containing the magnetic flakes. The top coat layer may contain various additives, includ- 
ing colorants which provide the product with the desired color and appearance. 

It is also to be noted that the paint layer of the present invention can be applied to diversely different types of prod- 
so ucts, such as glass products (including not only plate glasses but also those having curved surface such as tumblers), 
plastic products (such as front panels or casings for electric appliances and furniture), vinyl products (including not only 
the hard vinyl products but also soft vinyl products), wooden panel products, paper products (such as a cardboard 
boxes), products made by aluminum or aluminum alloy, as well as products made by magnetic material such as iron or 
steel (such as outer frames of automobiles and refrigerators). 
55 It is further to be noted the basic principle of the present invention described above can be reversed in a sense that 
the magnetic flakes can be utilized for absorbing the light rays rather than reflecting tiie light rays as described above. 
Namely, by coating each of the magnetic flakes in the paint mixture with a surface coating having a dark color such as 
black or by using magnetic flakes which have a dark color such as black, the desired pattern can be formed as the mag- 
netic flakes oriented to be substantially parallel to the surface of the paint layer absorb the light rays incident on the paint 
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layer such that the desired pattern formed by these magnetic flakes appears as colored in black in contrast to the sur- 
rounding regions appearing as colored in gray. In such a case, It is further preferable to provide a reflective layer 
between the surfece of the product body and the lower surface of the paint layer, such that the light rays transmrtted 
through the paint layer can be reflected back, so as to increase the contrast between the pattern and the background. 

5 Referring now to Figs. 3 to 10. various exemplary configurations for the magnet to be used in the procedure 
described above will be described. 

The configuration shown in Fig. 3 is a configuration for forming the magnetic field lines which are substantially par- 
allel to the surface of the paint layer 15 to be formed on the surfece of the product 1 1 , which is formed by an electro- 
magnet 21 having a gap between its N and S poles located on the upper surface of the product 11. On top of this 

10 electromagnet 21, there is provided a mask 23 having a window in a shape corresponding to a desired pattern to be 
formed on the surface of the product 21. With this configuration of Fig. 3, the spray painting of the paint mixture as 
desaibed above is applied from an upper side of the mask 23, such that the paint layer 15 with the magnetic flakes 17 
oriented to be substantially parallel to the surface of the paint layer 15 Is formed In the shape of the desired pattern to 
be formed on the surface of the product 1 1 . 

IS The configuration of Fig. 4 is another configuration for forming the magnetic field lines which are substantially par- 
allel to the surface of the paint layer 15 to be formed on the surface of the product 1 1 , which is also formed by the elec- 
tromagnet 21 . In this configuration of Fig. 4, the electromagnet 21 is placed below the lower surface of the product 1 1 . 
with the gap between its N and S poles located directly below the lower surface of the product 1 1 . The mask 23 similar 
to that used in the configuration of Fig. 3 is also provided above the upper surface of the product 1 1 in this configuration 

20 of Fig. 4, so that the spray painting of the paint mixture as described above is applied from the upper side of the mask 
23, just as in the case of Fig. 3. 

The configuration of Fig. 5 is a configuration for forming the magnetic field lines which are substantially perpendic- 
ular to the surface of the paint layer 1 5 to be formed on the surface of the product 1 1 . In this case of Fig. 5. an electro- 
magnet 25 having its N and S poles on its opposite ends is placed below the lower surface of the product 1 1 with the N 

25 pole located directly below the lower surface of the product 1 1 . The mask 23 similar to that used in the configuration of 
Fig. 8 is also provided above the upper surface of the product 21 in this configuration of Rg. 5, so that the spray painting 
of the paint mixture as described above is applied from the upper side of the mask 23, just as in the case of Fig. 3. 

The configuration of Fig. 6 is a configuration for forming the magnetic field lines which are oblique to the surface of 
the paint layer 1 5 to be formed on the surfece of the product 1 1 . In this case of Fig. 6. an electromagnet 29 having its 

30 N and S poles on its opposite ends with the end of the N pole formed In an oblique surface is placed below the lower 
surface of the product 1 1 with the N pole located directly below the lower surface of the product 1 1 . The mask 23 similar 
to that used in the configuration of Fig. 3 is also provided above the upper surface of the product 1 1 in this configuration 
of Fig. 6. so that the spray painting of the paint mixture as described above is applied from the upper side of the mask 
23, just as in the case of Fig. 3. 

35 The configuration of Fig. 7 is a configuration for forming the magnetic field lines which are substantially parallel to 
the surface of the paint layer 15 to be formed on the surface of the product 1 1 by using a permanent magnet. In this 
case of Fig. 7, a plate shaped permanent magnet 33 having its N and S poles on its opposite ends Is placed directly 
below the lower surface of the product 1 1 . The mask 23 similar to that used in the configuration of Fig. 3 is also provided 
above the upper surface of the product 1 1 in this configuration of Fig. 7, so that the spray painting of the paint mixture 

40 as described above is applied from the upper side of the mask 23, just as in the case of Fig. 3. 

The configuration of Fig. 8 is another configuration for forming the magnetic field lines which are substantially par- 
allel to the surface of the paint layer 15 to be fbmned on the surface of the product 1 1 by using a permanent magnet. In 
this case of Fig. 8, two plate shaped permanent magnets 37a and 37b each of which having its N and S poles on its 
opposite ends are placed directly above the upper surface of the product 1 1 with the N pole of one magnet 37a facing 

45 against the S pole of another magnet 37b. The mask 23 similar to that used in the configuration of Fig. 3 is also provided 
above the upper surface of the product 1 1 in this configuration of Fig. 8. so that the spray painting of the paint mixture 
as described above is applied from the upper side of the mask 23, just as in the case of Fig. 3. 

The configuration of Fig. 9 is another configuration for forming the magnetic field lines which are substantially per- 
pendicular to the paint layer 15 to be formed on the surface of the product 1 1 by using a permanent magnet. In this case 

so of Fig. 9, a plate shaped permanent magnet 41 having its N and S poles on its upper and lower faces are placed directly 
below the lower surtece of the product 1 1 with the N pole side facing against the lower surface of the product 1 1 . The 
mask 23 similar to that used in the configuration of Rg. 3 is also provided above the upper surface of the product 1 1 1n 
this configuration of Fig. 9. so that the spray painting of the paint mixture as described above is applied from the upper 
side of the mask 23, just as in the case of Fig. 3. 

55 The configuration of Fig. 10 is a configuration for forming the magnetic field lines which are oblique to the surface 
of the paint layer 15 to be formed on the surface of the product 1 1 by using a permanent magnet. In this case of Rg. 
10, a plate shaped permanent magnet 45 having its N and S poles on its upper and lower faces is attached to a ferro- 
magnetic block 47 having an oblique surface and this ferromagnetic block 47 is placed directly below the lower surface 
of the product 21 with its oblique surface facing against the lower surface of the product 1 1 . The mask 23 similar to that 
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used in the configuration of Fig. 3 is also provided above the upper surface of the product 1 1 in this configuration of Fig. 
1 0, so that the spray painting of the paint mixture as described above is applied from the upper side of the mask 23, just 
as in the case of Rg. 3. 

Referring now to Rgs. 11 A. 1 1 B, 12A, and 12B, exemplary cases of forming a line figure pattern by the procedure 
5 described above will be described. 

Figs. 1 1 A and 1 1 B show a case of forming a square shaped line figure on a product 53 by using a permanent mag- 
net plate 51 having its N and S poles on its upper and lower faces.respectively. is placed directly below the lower surface 
of the product 53 with the N pole side facing against the lower surbce of the product 53. Here, the magnet plate 51 is 
manufactured as a thin strip in a shape corresponding to the desired pattern to be formed, i.e.. a square shaped line 
10 figure, as shown in Fig. 1 1 A. 

In this case, the spray painting of the paint mixture as described above is applied to an upper surface of the product 

53 such that the paint layer 61 Is formed on the upper surface of the product 53. Here, as can be seen in a view of Z-Z 
cross section In Fig. 1 1 A shown in Rg. 1 1 B, the magnetic field lines are substantially perpendicular to the surface of the 
paint layer 61 In a region A, while the magnetic field lines are substantially parallel to the surfece of the paint layer 81 in 

15 regions B and C. As a consequence, the region A appears as colored in black while the regions B and C appear as 
colored in white, as desaibed akxsve in conjunction with Figs. 2 A to 2D, so that the square shaped line figure with sides 
of the square which appear to be concave can be formed on the surface of the product 53. 

Figs. 12Aand 12B show a complementary case of the case shown in Figs. IIAand 11B, in which a complementary 
square shaped line figure is to be formed on a product 53 by using a p^manent magnet plate 55 having its N and S 
20 poles on its upper and lower feces, respectively, is placed directly below the lower surface of the product 53 with the N 
pole side facing against the lower surface of the product 53. Here, the magnet plate 55 is manufactured as a flat plate 
with a thin strip puncture 57 in a shape conresponding to the desired pattern to be formed, i.e.. a square shaped line 
figure, as shown In Rg. 12 A. 

In this case, the spray painting of the paint mixture as described above is applied to an upper surface of the product 
25 53 such that the paint layer 61 is formed on the upper surface of the product 53. Here, as can be seen in a view of Y-Y 
cross section in Fig. 1 2A shown in Fig. 1 2B, the nr^gnetic field lines are substantially parallel to the surface of the paint 
layer 61 in a region A, while the magnetic field lines are substantially perpendicular to the surface of the paint layer 61 
in regions B and C. As a consequence, the region A appears as colored in white while the regions B and C appear as 
colored in black, as described above in conjunction with Figs. 2 A to 2D, so that the square shaped line figure with sides 
30 Of the square which appear to be convexed can be formed on the surfece of the product 53. 

Referring now to Rgs. 13A. 13B, 13C, 14A, and 14B, essmplary cases of forming a plane figure pattern by the pro- 
cedure described above will be described. 

Figs. 13A, 13B, and 13C show a case of forming a V shaped plane figure on a product 54 by using a permanent 
magnet plate. In this case, the plane magnet plate 52 having its N and S poles on its upper and lower faces, respec- 
35 tively. is placed directly below the lower surface of the product 54 with the N pole side feeing against the lower surface 
of the product 54. Here, the magnet plate 52 is manufectured in a shape corresponding to the desired pattern to be 
formed, i.e., a V shaped plane figure, as shown in Fig. 13A. 

in this case, the spray painting of the paint mixture as described above is applied to an upper surface of the product 

54 such that the paint layer 62 is formed on the upper surfece of the product 54. Here, as can be seen in a view of X-X 
40 cross section in Rg. 13B shown in Fig. 13C, the magnetic field lines are 8uk>stantially perpendicular to the surfece of 

the paint layer 82 in a region A which is directly below the V shaped plane figure, while the magnetic field lines are sub- 
stantially parallel to the surfece of the paint layer 82 in a region B which is at a contour of the V shaped plane figure, 
and the magnetic field lines are oblique to the surface of the paint layer 62 in a region C which is further distanced from 
the V shaped plane figure than the region B. As a consequence, the region A appears as colored in black white the 
45 region B appears as colored in white, as described above in conjunction with Figs. 2A to 2D, so that the V shaped plane 
figure with the contour of the V shape appear to be convexed can be formed on the surfece of the product 54, as shown 
in Fig. 13B. 

Moreover, in this case, the orientations of the magnetic flakes in the region B are continuously changed to the 
oblique directions toward the region C. so that the convexed V shape appear to have a smoothly round edge. 

so In the region C. the magnetic flakes in the paint layer 62 are oriented to be oblique to the surface of the paint layer 
62 formed on the surface of the product 54 as shown in Fig. 13C, so that this region C appears to be colored in black 
when viewed from the left upper side L of the product 54 whereas this region C appears to be colored in white when 
viewed from the right upper side R of the product 54. Consequently, when viewed from the left upper side L, only the 
region B in a shape of the contour of the V shaped plane figure appears as convexed. whereas when viewed from the 

65 right upper side R. only the region A in a shape of tiie V shaped plane figure itself appears as concave. 

In the region further away from the magnet plate 52 than the region C, the magnetic flakes in the paint layer 62 are 
oriented at random as the magnetic field strength decreases in inverse proportion to the square of the distance from 
the magnet plate 52, so that light rays incident from the upper side of the product 54 are scattered in random directions, 
and consequently this region appears to be colored in the same color as the surfece of the product 54 itself. 
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Figs. 14A and 14B show a case of forming a circular shaped plane figure on a product 58 by using a pernnanent; 
magnet plate. In this case, the plane magnet plate 56 having its N and S poles on its upper and lower faces, respec- 
tively; Is placed directly below the lower surface of the product 56 with the N pole side facing against the lower surface 
of the product 58. Here, the magnet plate 58 is manufactured to have a puncture in a shape corresponding to the 

5 desired pattern to be fbrmed, i.e., a circular shaped plane figure, as shown in Fig. 14A. 

In this case, the spray painting of the paint mixture as described above is applied to an upper surface of the product 
58 such that the paint layer is formed on the upper surface of the product 58. Here, just as in the case of Figs. 13A, 1 3B. 
and 13C described above, the magnetic field lines are substantially perpendicular to the surface of the paint layer in a 
region A which is directly above the magnet plate 56, while the magnetic field lines are substantially parallel to the sur- 

10 face of the paint layer In a region B which is at a contour of the circular shaped plane figure, and the magnetic field lines 
are oblique to the surface of the paint layer at an edge of a region C which is an interior of the circular shaped plane 
figure and become weaker Inward. As a consequence, the regions A and C appear as colored in black while the region 
B appears as colored in white, as described above In conjunction with Rgs. 2A to 2D. so that the circular shaped plane 
figure with the contour of the circular shape appear to be convexed can be formed on the surface of the product 58, as 

IS shown in Fig. 14B. When the radius of the circular shaped plane figure is made smaller, the region C can be made to 
contain only the obliquely oriented magnetic flakes, such that the interior of the circular shaped plane figure may also 
appear as colored in white when viewed from the oblique direction. 

Referring now to Figs. 1 5A, 1 5B. 1 6A, 1 6B, and 1 7, one example of application of the present invention to an auto- 
mobile wheel cover will be described. 

20 In this example, a disk shaped automobile wheel cover 71 made of a plastic material has a plan view as shown in 
Fig. 1 5A and a view from A-A cross section In Fig. 1 5A as shown in Fig. 1 5B, and on the surface of this wheel cover 71 , 
V shaped patterns 73 and circular patterns 75 are to be formed by using the present invention. 

In this case, the magnet to be used in forming the patterns has a configuration with a plan view as shown in Fig. 
16A and a view from B-B cross section in Fig. 16A as shown in Fig. 16B. in which V shaped permanent magnets 83 and 

25 circular shaped permanent magnets 85 made of rubber containing ferrite are an^anged in correspondence to the V 
shaped patterns 73 and the circular shaped patterns 75 to be fbrmed, on a magnet support member 87 made of a non- 
magnetic material such as wood or plaster. 

Then, the formation of the desired pattems on the wheel cover 71 is achieved by using an apparatus having a con- 
figuration shown in Fig. 1 7. 

30 In this apparatus of Fig. 1 7, the wheel cover 71 and the magnet support member 87 are mounted on a wheel cover 
support member 79 which is provided on a base 77 to be freely rotatable. such that the permanent magnets 83 and 85 
arranged on the magnet support member 87 faces against the back side of the wheel cover 71 . 

Then, on an upper side of the wheel cover 71 . the spray painting of a paint mixture is applied by a spray gun 91 . 
while the wheel cover support member 79 is rotated at a constant speed, such that a plurality of thin paint layers are 
35 uniformly fbrmed on the surface of the wheel cover 71 . 

Here, the paint mixture used in the spray painting comprises a transparent paint medium in fluid state in which a 
multiplicity of magnetic flakes made of nickel are mixed uniformly by using a volatile solvent. In addition, the paint mix- 
ture is further mixed with a thinner for the purpose of faster drying and easy spraying due to the reduced viscosity. 
After waiting for approximately ten to one hundred seconds since the completion of the spray painting, the wheel 
40 cover 71 is taken off the wheel cover support member 79 and the paint layers fbrmed on the surface of the wheel cover 
71 are dried. 

It Is to be noted that the above described procedure is so simple that it can either be carried out manually or autom- 
atized for mass production. 

Referring now to Figs. 18A and 18B, another example of an application of the present invention to an automobile 

45 wheel cover will be described in detail. 

In this example, a disk shaped automobile wheel cover 101 manufactured from a plastic material by injection mold- 
ing has a plan view as shown In Fig. 18A and a view from C-C cross section in Fig. 18A as shown In Fig. 18B. This 
wheel cover 101 has: eight attachment hooks 103 along its circumference on the back side of the wheel cover 101. by 
means of which the wheel cover 1 01 Is to be attached to a road wheel of the automobile; eight air holes 1 05 connecting 

50 the front and back sides of the wheel cover 101 , which are located at inner side of the attachment hooks 103; and a 
central protrusion 1 09 located at a center of the back side of the wheel cover 101 , which is formed at a resin injection 
part in an injection mold used in manufecturing the wheel cover 101 . This central protrusion 109 Is used for mounting 
the wheel cover 101 on the painting apparatus during the painting process, and will be cut off after the painting process 
is over. 

55 The wheel cover 101 as a whole is formed in a convexed shape such that Its front surface is a partial spherical sur- 
face which Is substantially flat locally. Here, to be substantially flat locally means it is curved by a radius of curvature 
greater than 100 mm. In this sense, the entire front surface of the wheel cover can be regarded as flat in effect, except 
for the edges of the air holes 1 05. 

On the paint layer 1 15 fbrmed on the front surface of this wheel cover 101 , four nut shaped patterns 107, each hav- 
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ing a hexagonal outer contour and a circular inner contour, are formed at constant interval on a single circle centered 
around a center P of the wheel cover 101 and located at inner side of the air holes 105 by using the method of the 
present invention. Here, four nut shaped patterns 107 are arranged to be symmetric with respect to the center P of the 
circle on which the nut shaped patterns 107 are anranged. such that the disturbance of the formed nut shaped patterns 

5 1 07 due to the interference of the magnetic field for forming one of the nut shaped patterns 107 and the magnetic fields 
for forming other ones of the nut shaped patterns 1 07 can appear symmetrically in the nut shaped patterns as a whole. 

Referring now to Fig. 19 and Fig. 20, the apparatus for forming the paint layer having the desired nut shaped pat- 
terns formed thereon on the surface of the wheel cover 1 01 will be described. 

This apparatus of Fig. 1 9 comprises: a base frame 1 1 1 ; a support member 121 . made of wood or plaster and fixed 

10 on the base frame 1 11 , for supporting the back side of the wheel cover 1 01 mounted thereon, which has a conical guide 
hole 1 13 at a center; a vertically movable holding member 116 having an air cylinder 130 for moving the holding mem- 
ber 116 in the vertical direction and a holding device 118 located inside the guide hole 1 13 for holding the central pro- 
trusion 109 of the wheel cover 101 to be movable in the vertical direction; and magnets 119 for forming the desired 
pattern on the wheel cover 101 during the painting process, which are mounted on magnet mounting holes 121a pro- 

15 vided on the top surface of the support member 121 at locations con^esponding to the desired nut shaped patterns to 
be formed. 

In this case, as shown in Fig. 20. four nut shaped magnets 119. each of which having a hexagonal outer contour 
and a circular inner contour, are mounted In the magnet mounting holes 121a which are provided at constant interval 
on a single circle centered around a center P, in con'espondence to the desired nut shaped patterns 107 to be formed. 
20 By using this apparatus of Fig. 19. the desired nut shaped patterns 107 can be formed on the wheel cover 101 by 
the following procedure. 

First, the wheel cover 101 is mounted on the top surface of the support member 121 by inserting the central pro- 
trusion 109 into the holding device 1 18. and then pulling the holding member 1 1 6 downward by means of the air cylinder 
130 so as to contact the back side of the wheel cover 101 tightly against the top surface of the support member 121 . In 

2S this state, the front surface of the wheel cover 101 is placed inside the magnetic fields produced by the magnets 119 
having the lines of magnetic force corresponding to the shapes of the desired nut shaped patterns to be formed. 

Then, the paint layer is formed uniformly on the front surface of the wheel cover 101 by the spray painting from a 
spray gun 131 of the paint mixture 133 prepared from tiie paint medium with the magnetic flakes uniformly mixed by 
using a volatile solvent, such that tiie desired nut shaped patterns 1 07 can be formed on the paint layer as the magnetic 

30 flakes in the paint layer change tiieir orientations according to tiie lines of magnetic force due to tiie magnetic fields pro- 
duced by the magnets 1 19. according to tiie principle of tiie present invention as described above. 

After waiting for the volatile solvent in the paint mixture 133 to volatilize such ttiat the orientations of tiie magnetic 
flakes can be fixed in tiie paint layer, the wheel cover 101 is dismounted from the support member 121 and the paint 
layer Is fully solidified by using an appropriate solidification metiiod. 

35 Referring now to Figs. 21 A to 21 D. the formation of the nut shaped patterns 107 will be described in furtiier detail. 
Fig. 21 A shows a relationship between tiie shapes of tiie magnet 119 and the nut shaped pattern 107 formed by 
the magnet 1 19. As shown in Fig. 21 A, in correspondence to tiie hexagonal outer contour 1 19a and the circular inner 
contour 1 1 9b formed by a central circular hole 1 1 9c, the nut shaped pattern 1 07 has the hexagonal outer contour 1 49a 
and a circular inner contour 149b. Here, tiie outer and Inner contours 149a and 149b of the nut shaped pattern 107 

40 actually have predetermined widths and solid lines depicted in Fig. 21 A indicate tiie ridge portions 1 49 of tiie outer and 
Inner contours 1 49a and 1 49b which appear most whitish witiiin the outer and Inner contours 1 49a and 1 49b appearing 
as colored in white. 

Fig. 21 B indicates the color in which different parts of tiie nut shaped pattern 107 along D-D line depicted in Fig. 

21 A appear, where the middle line corresponds to the gray color of tiie wheel cover 1 01 itself, and those portions akxive 
45 the middle line appear as colored in white and convexed in contrast to the surounding portions, while those portions 

below the middle line appear as colored In black and concave in contrast to tiie surrounding portions. 

Fig. 2 1 C depicts the typical orientations of tiie magnetic flakes at different parts of the nut shaped pattern 1 07 along 

D-D line depicted in Fig. 21 A. As can be seen in comparison with Fig. 21 B, those portions which appear as colored in 

white have the magnetic flakes oriented to be sut>stantially parallel to tiie surface of the paint layer, those portions which 
50 appear as colored in black have the magnetic flakes oriented to be substantially perpendicular to tiie surface of the paint 

layer, and tiiose portions which appear as colored in gray have tiie magnetic flakes oriented to be oblique to the surface 

of tiie paint layer or at random. 

Fig. 21 D shows tiie lines of magnetic force 139 due to the magnetic fields produced by the magnet 1 1 9 tiirough the 

wheel cover 1 01 and the paint layer 1 1 5 formed thereon. As can be seen in Fig. 21 D, the hexagonal outer contour 1 49a 
55 and tiie circular inner contour 149b of the nut shaped pattern 107 are located at positions where the lines of magnetic 

force 139 are oriented to be substantially parallel to tiie surface 137 of ttie paint layer 1 15 at which tiie magnetic flakes 

1 1 7 in the paint layer 1 1 5 along these lines of magnetic force 1 39, and the ridge portions 1 49 of the nut shaped pattern 

107 are located at centers of the outer and inner contours 149a and 149b at which the lines of magnetic force 129 are 

oriented to be parallel to the surface 1 37 of tiie paint layer. 



11 



EP0556449B1 



Referring now to Fig. 22 to Fig. 24. the exact locations at which the lines of niagnetic force 139 are oriented to be 
parallel to the surface 137 of the paint layer 1 15 will be described in detail. 

Namely, the locations P^, P2. P3, etc. at which the lines of magnetic force 139 are oriented to be parallel to the sur- 
face 137 of the paint layer 115 were measured to be located in relation to the magnet 1 19 as shown in Fig. 22. 
5 Fig. 23 shows a graph plotting the positions of these locations with respect to the X and Y axes as shown in Fig. 22 
measured by using a different sample magnets at 96 positions. As shown in Fig. 23, these locations are located on a 
line expressed by Y s 5X within a range of 0.5 ^ Y ^ 7. It Is noted here that for Y > 7 mm, the contours could be observed 
only ambiguously 

According to this result, where the thickness of the product to be painted 101 in the Y direction Is 1 mm, the position 
10 in the X direction at which the ridge portion of the contour of the desired pattern is formed is located at 0.2 mm away 
from the edge of the magnet 1 19. In other words, in this case it is possible to obtain the desired pattern In the desired 
size by manufacturing the magnet 1 1 9 to have the size smaller than the desired size by 0.2 mm toward the center of the 
desired pattern. 

Similarly, in general, It is possible to obtain the desired pattern in the desired size by manufacturing the magnet 119 
IS to have the size smaller than the desired size by a predetermined distance determined according to the measurement 
result shown in Fig. 23, toward the center of the desired pattern. 

Moreover, Fig. 24 shows a comparison of sizes of the magnets 147a and 147b required in cases of forming the 
same desired pattern on the products 143a and 143b which have the different thicknesses T1 and T2, respectively. 
Here, each of the magnets 1 47a and 1 47b is assumed to have a doughnut like shape with a central bore. In Fig. 24, a1 
so indicates a distance between the edge of the magnet 1 47a and the ridge portion 1 49 of the contour of the desired pat- 
tern to be formed, while a2 indicates a distance between the edge of the magnet 147b and the ridge portion 149 of the 
contour of the desired pattern to be formed. Also, Squti indicates a distance between the center and the outer contour 
of the magnet 147a, while Sout2 indicates a distance between the center and the outer contour of the magnet 147b. 
Also, S|Ni indicates a distance between the center and the inner contour of the magnet 147a, while S11S12 indicates a dis- 
25 tance between the center and the inner contour of the magnet 1 47b. Also, Lqut indicates a distance between the center 
and the ridge portion of the outer contour 149a of the desired pattern to be formed, while Lj^g indicates a distance 
between the center and the ridge portion of the inner contour 149b of the desired pattern to be formed. 
As can be seen from Fig. 24, there are following relationships among the quantities shown in Rg. 24. 



'0UT1 


= Lqut - at 


'OUT2 




S|N1 


= L,N + a1 


S|N2 


= L,N + a2 



It is noted that the values of a1 and a2 depend on the thicknesses T1 and T2 of the products 143a and 143b. 

Thus, in general, it is possible to obtain tiie desired pattern in the desired size by manufacturing the magnet to have 
40 the size of the contour smaller tiian the ridge portion of tiie contour of tiie desired pattern to be formed, such ttiat tiie 
positions at which tiie lines of magnetic force due to the magnetic field produced by the magnet can be located at tfie 
positions of the ridge portion of the contour of the desired pattern to be formed. 

In addition, as the thickness of the product to be painted increases while the positions of the desired patterns to be 
formed are unchanged, the size of the contour of tiie magnet to be used in forming the desired pattern should be made 
45 smaller. 

It is to be noted that tiie number of patterns to be formed on tiie product is not limited to the case of four described 
above, and any desired number of the patterns can be formed on the product. Here, however, It is preferable to arrange 
the positions of tiie patterns such that tiie interference of the magnetic fields produced by the different magnets for form- 
ing the different ones of the desired patterns can be balanced out in tiie overall view of the patterns. In addition, it is also 

50 possible to form a continuous pattern around a single circle which involves tiie similar parts at constant interval on the 
circle, such as a gear shaped pattern, star shaped pattern, and flower shaped pattern. 

It is also to be noted that, altiiough tiie case of carrying out tiie formation of ttie paint layer 1 1 5 while ttie magnetic 
field due to the magnet 1 19 is already applied has been described above, the steps of the formation of the paint layer 
1 1 6 and the application of the magnetic field by the magnet 1 1 9 may be reversed. In other words, it is equally possible 

55 to achieve tiie similar formation of the desired pattern by forming tiie paint layer 11 5 on the front surface of the product 
101 first, and then applying the magnetic field by the magnet 119 while the painted layer 115 maintains its fluidity so 
that the magnetic flakes contained witiiin ttie paint layer 115 can change their orientations according to the applied 
magnetic field. 

Although tiie case of forming tiie desired pattern by placing the magnet on tiie back side of the product to be 
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painted has been described above, in a case where it is difficult to place the magnet on the back side of the product to 
be painted appropriately due to the complicated shape of the back side of the product to be painted, the magnet 119 
may be placed on the front side of the product 1 01 as shewn in Rg. 25. In such a case, the appropriate size and position 
of the magnet 1 1 9 for forming the desired pattern on the front surfece of the product 1 01 can be determined by regard- 
5 ing a distance d between the magnet 1 1 9 and the surbce 1 37 of the painted layer 1 1 5 provided on the front surface of 
the product 101 as a thickness of an imaginary product to be painted. Consequently, when the magnet is placed on the 
front side, the position of the magnet 1 1 9 with respect to the paint layer 1 15 is not restricted by the thickness of the prod- 
uct 101. 

An exemplary configuration of the apparatus for forming the desired patterns on the surface of the wheel cover 101 
10 using such a positioning of the magnet 1 19 over the front surface of the wheel cover 1 01 is shown in Fig. 26. 

This apparatus of Fig. 26 differs from that shown in Fig. 19 in that the magnet 1 19 is located above the front surface 
of the wheel cover 1 01 mounted on the support member 121. where the magnet 1 1 9 is attached on the back side of an 
inner lid 146 attached to the base frame by a hinge 138 such that it can be opened up or closed down to a position of 
a stopper 136, and that there is provided an air supply mechanism formed by an outer lid 145 attached on the inner lid 
IS 1 46 which is equipped with an air supply inlet 151 from which the air or heated air can be supplied Into the Inner lid 146 
through holes 141 provided on an upper side of the inner lid 146, and air outlets 148 provide on lower side portion of 
the inner lid 146 through which the air supplied from the air supply inlet 151 can escape. 

In a case of using this apparatus of Fig. 26, the paint layer is formed on the front surface of the wheel cover 101 
first while the inner lid 146 Is opened up, and then the inner lid 146 is closed to form the desired patterns on the paint 
20 layer while the air or heated air is supplied from the air supply inlet 151 in order to volatilize the volatile solvent in the 
paint mixture used in forming the paint layer 1 15 (not shown). 

Referring now to Figs. 27A to 27D, an example of application of the present invention for the formation of numeral 
figure pattern will be described in detail. 

Fig. 27A shows a top plan view of a product 201 with a desired pattern 207 formed thereon, along with a relation- 
25 ship between the shapes of a magnet 21 5 and the pattern 1 07 formed by the magnet 21 5. 

Here, as shown in Fig. 27 A, a product 201 has a pattern 207 in a shape of an arable numeral figure T formed by 
using a magnet 21 5 having a shape of an arable numeral figure "1 " which is placed on the back side of the product 201 . 

Fig. 27B shows the lines of magnetic force 219 due to the magnetic fields produced by the magnet 215 through a 
product body 203. a paint layer 205 formed by a paint mixture containing magnetic flakes 21 1 , and a transparent top 
30 coat layer 205a. along line E'-E' depicted in Rg. 27A. 

Fig. 27C depicts the typical orientations of the magnetic flakes 21 1 contained in the paint layer 205 at different parts 
A, B, C, D, and E of the pattern 207 along line E'-E* depicted in Fig. 27A. 

Fig. 27D indicates the color in which different parts A, B, C, D, and E of the pattern 207 along line E'-E' depicted in 
Fig. 27A appear, where the middle line corresponds to tiie gray color of the product body 203 itself, and those portions 
35 above the middle line appear as colored In white and convexed in contrast to the surrounding portions, while those por- 
tions below tiie middle line appear as colored in black and concave in contrast to the surrounding portions. 

In this case, as shown in Fig. 28, the formation of the pattern 207 on the product 201 can be achieved by forming 
the paint layer 205 on an upper surface of the product body 203 by spray painting the paint mixture 209 containing the 
magnetic flakes 21 1 from a spray gun 204. while the magnet 21 5 is placed below the lower surface of the product 203 
40 such that tiie magnetic flakes 21 1 in the paint layer 205 are oriented along the tines of magnetic force 219 due to mag- 
netic field produced by the magnet 215. 

In this case, as shown in Fig. 29. tiie magnet 215 having a shape of the arable numeral figure "V is prepared by 
die cutting a block shaped magnet 21 7 into the shape of the arable numeral figure "1 " in a direction perpendicular to a 
plane defined by a line joining N and S poles. 
45 Also, as indicated in Fig. 27 A, the contour 221 of ttie region C which appears as colored in white is located at posi- 
tions inside of tiie S and N pole side outer contours 215a and 215b of the magnet 215, so that tiie magnet 215 is pre- 
pared to have the size slightly larger ttian the desired size of the pattern 207 to be formed on the product 201. 

Here, as shown in Fig. 27B, the magnet 215 is located below the lower surface of tiie product body 203 with the N 
pole side outer contour 215b facing toward the left side and S pole side outer contour 215a facing toward the right side, 
50 such tiiat there is only a single position between the N pole and S pole of the magnet 21 5 at which the lines of magnetic 
force 219 due to the magnetic field produced by the magnet 215 are oriented to be parallel to tiie surface 213 of the 
paint layer 205. Consequently, the ridge portion of tiie pattern 207 formed by tiie magnetic flakes 21 1 which are ori- 
ented to be parallel to the surface 213 of the paint layer 205 In tiie region C appears as a line figure In a shape of the 
arable numeral figure "r. 

55 In addition, as indicated in Fig. 27C and Fig. 27D, tiie region CIn a shape of tiie arabie numeral figure T has the 
magnetic flakes 21 1 oriented to be substantially parallel to the surface 213 of tiie paint layer 205 such ttiat this region 
C appears as colored In white, while tiie regions B and D adjacent to tiie region C have the magnetic flakes 21 1 oriented 
to be oblique or perpendicular to the surface 213 of the paint layer 205 such that tiiese regions B and D appear as 
colored in black. The regions A and E located around the regions B and D have the magnetic flakes 21 1 oriented at 
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random, as the magnetic field strength is negligibly weak In these regions, such that these regions A and E appear as 
colored in gray. 

Thus, by placing the magnet 215 with a line joining the N and S poles arranged parallel to the surface 213 of the 
paint layer 205 on the back side of the product body 203, it is possible to form the pattern 207 with the ridge portion 
5 formed by the magnetic flakes 21 1 which are oriented to be parallel to the surface 213 of the paint layer 205 appearing 
as a line figure in a shape of the arabic numeral figure "r. 

Referring now to Fig. 30, a case of forming the desired pattern 207 on the surface of the product body 203 as in the 
example described above, by using a positioning of the magnet 215 over the front surface of the product 201 will be 
described. 

10 As shown in Fig. 30, in this case, the magnet 215 is supported by a magnet support member 225 and positioned 
above the surface 213 of the paint layer 205 formed on the product body 203, with a line joining the N and S poles 
arranged parallel to the surface 213 of the paint layer 205, such that it is also possible to form the pattern 207 with the 
ridge portion formed by the magnetic flakes 21 1 which are oriented to be parallel to the surface 213 of the paint layer 
205 appearing as a line figure In a shape of the arabic numeral figure "1 ^ 

IS In this case, the appropriate size and position of tiie magnet 21 5 for forming the desired pattern on the front surface 
of tiie product 201 can be determined by regarding a distance between tiie magnet 201 and tiie surface 213 of the 
painted layer 205 provided on the front surface of tiie product 201 as a thickness of an imaginary product to be painted. 
Consequently, the position of ttie magnet 215 with respect to tiie paint layer 205 Is not restricted by the thickness of the 
product 201. 

20 This positioning of the magnet 215 above tiie product 201 is convenient in a case in which it is difficult to place tiie 
magnet 215 on the back side of tiie product 201 appropriately due to tiie complicated shape of tiie back side of the 
product 201 and/or because of the thickness of tiie product. 

Referring now to Fig. 31 and Rg. 32, other examples of application of tiie present invention for the fbrnr\ation of a 
figure pattern which has more complicated shape tiian tiie arabic numeral figure "1 " described above will be described 

25 in detail. 

In the case shown in Fig. 31, the overall shape of the figure pattern is divided into a plurality of segments having 
relatively simple shape, such tiiat each segment can be formed by using a simple block shaped magnet in a manner 
similar to the case of forming tiie arabic numeral figure '^r described above. 

Namely. In a case of forming a pattern in a shape of an alphabetical letter figure "E", tiie overall shape of this alpha- 
30 betical letter figure "E" can be divided Into four straight line segments such that these line segments can be formed by 
the magnet 231 comprising four separate block shaped magnet pieces 231a, 231b, 231c, and 231d. which are to be 
assembled together in a shape of the alphabetical letter figure "E", as shown in Fig. 31 . 

Each of tiie block shaped magnet pieces 231 a, 231b, 231c. and 231 d has a line joining the N and S poles arranged 
parallel to tiie surface of tiie paint layer, such that it is also possible to form the corresponding line segment with tiie 
35 ridge portion formed by the magnetic flakes which are oriented to be parallel to tiie surface of the paint layer. Here, tiie 
adjacentiy anranged magnet pieces 231b and 231d, and 231d and 231c have tiie opposite poles facing against each 
other. 

In a case of forming a ring shaped pattern, the ring shaped planar magnet 233 having tiie S pole on tiie inner cir- 
cumference side and tiie N pole on tiie outer circumference side as shown in Fig. 32 can be used. By placing ttiis ring 
40 shaped planar magnet 233 on either the front or back side of the product with a line joining tiie N and S poles an'anged 
parallel to the surface of the paint layer, it is also possible to form the ring shaped pattern with the circular ridge portion 
formed by the magnetic flakes which are oriented to be parallel to the surface of the paint layer. 

It is to be noted tiiat. as in tiie examples described earlier, it is equally possible to achieve tiie similar formation of 
the desired pattern by forming the paint layer on tiie front surface of tiie product first, and then applying the magnetic 
45 f ieki by the magnet while the painted layer maintains its fluidity so that the magnetic flakes contained witiiin tiie paint 
layer can change their orientations according to the applied magnetic field. 

Referring now to Fig. 33, other configuration of the magnets for forming the desired pattern on tiie product accord- 
ing to the present invention, which are suitable for tiie formation of more complicated patterns will be described in detail. 
In this case, the product 301 comprises a product body 303 made of a plastic material which is formed in a sub- 
so stantially flat shape, and a paint layer 305 formed thereon. Here, to be substantially flat means it Is curved by a radius 
of cun^ature greater tiian about 100 mm. 

The apparatus for forming tiie paint layer 305 on the product body 303 in this case has a configuration shown in 
Fig. 33, which comprises: a base frame 309; a support member 31 1 , made of non-magnetic material such as wood or 
plaster and fixed on tiie base frame 309. for supporting tiie back side of the product 301 mounted thereon, which has 
55 magnet mounting holes 317 provided on its upper surface 31 la at locations corresponding to the desired patterns to 
be formed; first and second magnets 313 and 315 for forming the desired pattern on the paint layer 305 formed on tiie 
product body 303 during the painting process, which are mounted in tiie magnet mounting holes 317; a paint mixture 
container 319 for containing the paint mixture 323 having the magnetic flakes 321 mixed therein; and a spray gun 325 
for spray painting the paint mixture contained in the paint mixture container 319 onto the front surface of tiie product 
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body 303 to form the paint layer 305 uniformly thereon. 

Here, the first and second magnets 313 and 315 have configurations as shown in Figs. 34B and 340. where the 
first magnet 313 is a sheet rubber permanent magnet having an approximately doughnut like shape with a rectangular 
outer contour 313a and a circular inner contour 31 3b of a radius equal to R1 . while the second magnet 315 Is another 

5 sheet rubber permanent magnet having a disk like shape with a circular outer contour 31 5a of a radius equal to R2 (R2 
< R1) which is located inside the circular inner contour 313b of the first magnet 313 concentrically Also, as shown in 
Fig. 340. the first magnet 313 has the N pole side facing against the lower surface of the product body 303, while the 
second magnet 315 has the S pole side facing against the lower surface of the product body 303. This second magnet 
315 functions to adjust the magnetic field produced by the first magnet 31 3 as will be described in detail later. 

10 By using this apparatus of Fig. 33, the desired pattern can be formed on the product 301 by the following procedure. 
First, the product 301 prepared by the injection molding and having a front surface colored in yellowing ivory color 
is mounted on the upper surface 311a of the support member 311 with the first and second magnets 313 and 315 
placed in the magnet mounting holes 31 7. 

In this state, the front surface of the product 301 Is placed inside the magnetic fields produced by the first and sec- 
ts ond magnets 313 and 315 having the lines of magnetic force con^esponding to the shapes of the desired patterns to be 
formed. Here, as shown in Fig. 340, the lines of magnetic force 333a in a vicinity of the outer contour 313a of the first 
magnet 313 are oriented from the N pole side to the S pole side of the first magnet 313 at the paint layer 305. while the 
lines of magnetic force 333b in a vicinity of the region between the inner contour 313b of the first magnet 313 and the 
outer contour 315a of the second magnet 315 are oriented from the N pole side of the first magnet 313 to the S pole 

20 side of the second magnet 31 5 at the paint layer 305. Hie positions at which the lines of magnetic force 333a and 333b 
are oriented to be parallel to the surface of the paint layer 305 correspond to the ridge portions of the contours 327 and 
328 of the pattern I shown in Fig. 348. 

Then, the paint layer 305 is formed uniformly on the front surface of the product 301 by the spray painting from the 
spray gun 325 of the paint mixture 323 prepared from the paint medium with the magnetic flakes 321 uniformly mixed 

25 by using volatile solvent, such that the desired pattern I including the contours 327 and 328 can be formed on the paint 
layer 305 as the magnetic flakes 321 in the paint layer 305 change their orientations according to the lines of magnetic 
force 333a and 333b due to the magnetic fields produced by the magnets 313 and 315, according to the principle of the 
present invention as described above. 

After waiting for the volatile solvent in the paint mixture 323 to volatilize such that the orientations of the magnetic 

30 flakes 321 can be fixed in the paint layer 305, the product 301 Is dismounted from the support member 31 1 and the paint 
layer 305 is fully solidified by using an appropriate solidification method. Then, the transparent top coat layer 305a is 
formed on the surface of the paint layer 305 uniformly by the spray painting. 

Referring now to Rgs. 34A, 34B, and 340. further detail of the formation of the desired pattern I will be described. 
Here, as shown in Fig. 34B, the desired pattern i in this case includes the outer contour 327 and the inner contour 

35 328 which have the widths W1 and W2. respectively. 

Fig. 34A Indicates the color in which different parts of the pattern I along F-F line depicted in Fig. 34B appear, where 
the middle line corresponds to the gray color of the product body 303 itself, and those portions above the middle line 
appear as colored in white and convexed in contrast to the surrounding portions, while those portions below the middle 
line appear as colored in black and concave in contrast to the surrounding portions. Thus, the outer and inner contours 

40 327 and 328 appear as colored in white and convexed, while a region 327a between the outer and Inner contours 327 
and 328 as well as a region 331 inside the inner contour 328 appear as colored in black and concave, and a region 329 
outside of the outer contour 327 appears as colored In gray. Also, as Indicated In Fig. 34A, the portions Whmax which 
appear most brightly white are located at the ridge portions of the outer and inner contours 327 and 328, while the por- 
tions Bimax which appear most darkly black are located at middles of the regions 327a and 331 . Oonsequently, the 

45 pattern I has the three dimensional perspective as the outer and inner contours 327 and 328 appear as if they are pro- 
jected out of the surface of the product body 303 while the regions immediately surrounding these outer and inner con- 
tours 327 and 328 appear as If they are engraved Into the surface of the product body 303, In contrast to the gray 
background formed by the surface of the product body 303 elsewhere. 

Now, with reference to Figs. 35A and 35B, further detail of the formation of the inner contour 328 by the first and 

so second magnets 31 3 and 31 5 wilt be described. 

Figs. 35A and 35B show enlarged views of mutually corresponding main portion in Figs. 34A and 340 around one 
part of the Inner contour 328. respectively, where the sizes of the magnetic flakes 321 In the paint layer 305 are exag- 
gerated for the purpose of easier comprehension. 

As shown in Fig. 35B, at a center of the inner contour 328. the magnetic flakes 321 in the paint layer 305 are ori- 

55 ented along the lines of magnetic force 333b which are oriented to be parallel to the surface 335 of the paint layer 305, 
so that the most brightly white part Whmax is formed as the ridge portion at the center of the Inner contour 328. On the 
other hand, in tiie regions 327a and 331 , the magnetic flakes 321 In the paint layer 305 are oriented along the lines of 
magnetic force 333b which are oriented to be substantially perpendicular to the surface 325 of the paint layer 305, so 
that these regions 327a and 331 appear as colored in black. Although not shown in Fig. 35B. in the region 329, the mag- 
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netic flakes 321 in the paint layer 305 are oriented at random, as the magnetic field strength Is negligibly weak there. 

Now. with reference to Figs. 36A to 36C in contrast to Figs. 34A to 34C described above, the difference between a 
case of forming the pattern by using two magnets as shown in Figs. 34A to 34C and a case of forming the pattern by 
using only one magnet as shown in Figs. 36A to 36C is described. 
5 Figs. 36A to 38C show a case of forming the pattern II including an outer contour 337 and an inner contour 338, 
which have the widths W3 and W4, respectively, as shown in Fig. 36B, by using only the first magnet 313 as shown in 
Fig. 36C. 

Fig. 36A indicates the color in which different parts of the pattern II along G-G line depicted in Fig. 36B appear, 
where the middle line corresponds to the gray color of the product body 303 itself, and those portions above the middle 

10 line appear as colored In white and convexed in contrast to the surrounding portions, while those portions below the 
middle line appear as colored in black and concave in contrast to the surrounding portions. 

Here, as indicated in Fig. 36A, the outer and inner contours 337 and 338 appear as colored in white and convexed, 
while a region between the outer and inner contours 337 and 338 as well as a region inside the Inner contour 338 
appear as colored in black and concave, and a region outside of the outer contour 337 appears as colored in gray, sim- 

is ilarly to the case shown In Rgs. 34A to 34C. 

Also, as indicated in Fig. 36C, the lines of magnetic force 339a in a vicinity of the outer contour 313a of the first 
magnet 313 as well as the lines of magnetic force 339b in a vicinity of the inner contour 313b of the first magnet 313 
are oriented from the N pole side to the S pole side of the first magnet 31 3 at the paint layer 305. in contrast to the lines 
of magnetic field 333a and 333b shown in Fig. 34C. 

20 By comparing the cases shown in Figs. 34A to 34C and Figs. 36A to 36C. it can be noticed that the outer contours 
327 and 337 are formed almost similarly In these cases such that the width W1 of the outer contour 327 is almost the 
same as the width W3 of the outer contour 337. This is probably due to the fact that the magnetic field produced by the 
second magnet 315 has very little contribution to the formation of the outer contour 327 so that the lines of magnetic 
field 333a are almost identical to the lines of magnetic field 339a. 

25 On the other hand, it can also be noticed that the inner contour 328 has more sharply defined outer and inner edges 
328a and 328b compared with outer and inner edges 338a and 338b of the inner contour 338 as can be seen by com- 
paring Fig. 34A and Fig. 36A. In addition, the width W2 of the inner contour 328 is wider than the width W4 of the inner 
contour 388. These differences are probably caused by the fact that the magnetic field produced by the second magnet 
31 5 has significant contribution to the formation of the inner contour 328 so that the lines of magnetic field 333b are sig- 

30 nif Icantly different from the lines of magnetic fiekJ 339b. 

Namely, by placing the second magnet 315 inside the inner edge 313a of the first magnet 313 in the configuration 
as shown in Fig. 34C, the lines of magnetic field 333b are flattened down compared with the lines of magnetic force 
339b, such that there are more magnetic flakes 321 located in wider region which are oriented to be substantially per- 
pendicular to the surface of the paint layer 305 in a case shown in Figs. 34A to 34C. The exact value for the width W2 

35 of the Inner contour 328 depends on the Inner radius R1 of the first magnet 313 and the outer radius R2 of the second 
magnet 315, where the width W2 is widened as the outer radius R2 of the second magnet 315 becomes smaller 
whereas the width W2 is narrowed as the outer radius R2 of the second magnet 315 becomes larger, while the inner 
radius of the first magnet 31 3 is fixed. 

Thus, by using two magnets as in a case shown in Figs. 34A to 34C, it becomes possible to have the desired pat- 

40 tern with different width and more sharply defined edges for the contour in the pattern. 

Referring now to Figs. 37A to 37C, other configurations of the magnets for forming the desired pattern on the prod- 
uct according to the present invention, which are suitable for the formation of more complicated patterns will be 
described in detail. 

Here, the procedure and apparatus for forming the desired pattern are similar to those described above in conjunc- 
45 tion with Fig. 33, except that the first and secorxJ magnets 313 and 315 have configurations as shown in Figs. 37B and 
37C. where the first magnet 313 has the N pole side facing against the lower surface of the product body 303, while the 
second magnet 315 also has the N pole side facing against the lower surges of the product body 303. 

Consequently, as shown in Fig. 37C, the lines of magnetic force 341a in a vicinity of the outer contour 313a of the 
first magnet 31 3 are oriented from the N pole side to the S pole side of the first magnet 31 3 at the paint layer 305, while 
so in a vicinity of the region between the inner contour 313b of the first magnet 313 and the outer contour 315a of the sec- 
ond magnet 31 5. there are lines of magnetic field 341 b which are oriented from the N pole side to the S pole side of the 
first magnet 313 at the paint layer 305 and the lines of magnetic force 341c which are oriented from the N pole side to 
the S pole side of the second magnet 31 5 at the paint layer 305. The positions at which the lines of magnetic force 341 a, 
341b, and 341c are oriented to be parallel to the surface of the paint layer 305 correspond to the ridge portions of the 
55 contours 343, 345, and 347 of the pattern III shown in Fig. 37B. 

Now. further detail of the formation of the desired pattern 111 will be described. 

Here, as shown In Fig. 37B, the desired pattern III in this case Includes the outer contour 343. the middle contour 
345. and the inner contour 347 which have the widths W5. W6. and W7. respectively. 

Fig. 37A indicates the color in which different parts of the pattern 111 along H-H line depicted in Fig. 37B appear. 
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where the middle line corresponds to the gray color of the product body 303 itself, and those portions atx)ve the middle 
line appear as colored in white and convexed in contrast to the surrounding portions, while those portions below the 
middle line appear as colored in black and concave in contrast to the surrounding portions. Thus, the outer, middle, and 
inner contours 343, 345, and 347 appear as colored In white and convexed, while a region 348 between the outer and 

5 middle contours 343 and 345, a region 349 between the middle and inner contours 345 and 347, and a region 351 
inside the inner contour 347 appear as colored in black and concave, and a region outside of the outer contour 343 
appears as colored in gray. Consequently, the pattern III has the three dimensional perspective as the outer, middle, 
and inner contours 343. 345, and 347 appear as if they are projected out of the surface of the product body 303 while 
the regions Immediately surrounding these outer, middle, and inner contours 343, 345, and 347 appear as if they are 

10 engraved into the surface of the product body 303, In contrast to the gray background formed by the surface of the prod- 
uct body 303 elsewhere. 

Now, further detail of the formation of the middle and inner contours 345 and 347 by the first and second magnets 
313 and 315 will be described. 

Here, at a center of the middle and inner contours 345 and 347, the magnetic flakes in the paint layer 305 are ori- 

75 ented along the lines of magnetic force 341 b and 341 c which are oriented to be parallel to the surface of the paint layer 
305, so that the ridge portions are formed at the centers of the middle and inner contours 345 and 347. On the other 
hand, in the regions 349 and 351. the magnetic flakes in the paint layer 305 are oriented along the lines of magnetic 
force 341b and 341c which are oriented to be substantially perpendicular to the surface of the paint layer 305. so that 
these regions 349 and 351 appear as colored in black. Also, in the region outside of the outer contour 343, the magnetic 

20 flakes in the paint layer 305 are oriented at random, as the magnetic field strength is negligibly weak there. 

Now, with reference to Figs. 37A to 37C in contrast to Figs. 36A to 36C described above, the difference between a 
case of forming the pattern by using two magnets as shown in Figs. 37A to 37C and the above desaibed case of form- 
ing tiie pattern by using only one magnet as shown in Figs. 36A to 36C is described. 

By comparing the cases shown in Figs. 37A to 37C and Figs. 36A to 36C, it can be noticed that the outer contours 

25 343 and 337 are formed almost similarly in these cases such that the width W5 of the outer contour 343 is almost the 
same as the width W3 of the outer contour 337. This is probably due to the fact that the magnetic field produced by the 
second magnet 315 has very little contribution to the formation of the outer contour 343 so that the lines of magnetic 
field 341 a are almost identical to the lines of magnetic field 339a. 

On the other hand, inside the outer contours 343 and 337, it can also be noticed that the case of Figs. 37A to 37C 

30 has two contours of the middle and Inner contours 345 and 347 in contrast to the only one inner contour 338 in the case 
of Figs. 36A to 36C. Moreover, the middle and inner contours 345 and 347 have more sharply defined outer and inner 
edges compared with outer and inner edges 338a and 338b of the inner contour 338. as can be seen by comparing Rg. 
36A and Fig. 37A. In addition, each of the widths W6 and W7 of the middle and inner contours 345 and 347 are nar- 
rower than the width W4 of the inner contour 338. These differences are probably caused by the fact that the magnetic 

35 field produced by the second magnet 31 5 has significant contribution to the formation of the middle and inner contours 
345 and 347 so ttiat tiie lines of magnetic field 341b and 341c are signlficantiy different from the lines of magnetic fiekl 
339b. 

Namely, by placing the second magnet 315 inside the inner edge 313a of tiie first magnet 313 in the configuration 
as shown in Fig. 37C. two sets of tiie lines of magnetic field 341b and 341c are formed between tiie first and second 

40 magnets 31 3 and 3 1 5, conpared witii tiie only one set of tiie lines of magnetic force 339b, such that ttie magnetic flakes 
in tiie paint layer 305 above tiie region between tiie first and second magnets 31 3 and 31 5 are oriented to be substan- 
tially parallel to the surface of tiie paint layer 305 at two locations, with narrower widtii at each location, In a case shown 
in Figs. 37A to 37C. The exact values for the widths W6 and W7 of the middle and inner contours 345 and 347 depend 
on the inner radius R1 of the first magnet 313 and the outer radius R2 of tiie second magnet 315, where the widths W8 

45 and W7 are widened as tiie outer radius R2 of the second magnet 31 5 becomes smaller whereas ttie widths W8 and 
W7 are nanrowed as ttie outer radius R2 of tiie second magnet 315 becomes larger, while the inner radius R1 of tiie 
first magnet 313 is fixed. 

Thus, by using two magnets as in a case shown in Figs. 37A to 370, it becomes possible to have the desired pat- 
tern witii the contour in double line, and more sharply defined edges for the contour in the pattern. 
so Referring now to Figs. 38A to 380, other configuration of the magnets for forming tiie desired pattern on the product 
according to the present invention, which are suitable for the formation of more complicated patterns will be described 
In detail. 

Here, the procedure and apparatus for forming the desired pattern are similar to those described above in conjunc- 
tion with Fig. 33, except that instead of the first and second magnets 313 and 315, a magnet 353 and a magnetic field 
55 adjustnent member 355 are used. Here, as shown in Figs. 38B and 380, the magnet 353 is a sheet rubber permanent 
magnet having an approximately disk like shape witti a circular outer contour 335a of a radius equal to R3. and tiiis 
magnet 353 has tiie N pole side facing against tiie lower surface of ttie product body 303. On the otiier hand, the mag- 
netic field adjustment member 355 is a plate shaped magnetic material such as an iron plate having a disk like shape 
witii a circular outer contour 355a of a radius equal to R4 (R4 > R3) in a form of a rim portion turned upwards, which is 
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attached over the magnet 353 concentrically on the lower surface of the product body 303 such that the edge of the 
circular outer contour 335a makes a contact with the lower surface of the product body 303. 

Consequently, as shown in Rg. 38C, the lines of magnetic force 359 in a vicinity of the outer contour 353a of the 
magnet 353 are oriented from the N pole side to the rim portion of the magnetic field adjustment member 355 at the 
5 paint layer 305. The positions at which the lines of magnetic force 359 are oriented to be parallel to the surlace of the 
paint layer 305 correspond to the ridge portions of the contour 361 of the pattern IV shown in Rg. 38B. 
Now. further detail of the formation of the desired pattern IV will be described. 

Here, as shown in Rg. 38B. the desired pattern IV In this case Includes the contour 361 which has the width W8. 
Fig. 38A Indicates the color in which different parts of the pattern IV along J-J line depicted in Fig. 38B appear, 

10 where the middle line corresponds to the gray color of the product body 303 itself, and those portions above the middle 
line appear as colored in white and convex^ in contrast to the surrounding portions, while those portions below the 
middle line appear as colored in black and concave in contrast to the surrounding portions. Thus, the contour 361 
appears as colored In white and convexed, while a region 363 inside the contour 361 appears as colored In black and 
concave, and a region 369 outside of the contour 361 appears as colored in gray. Consequently, the pattern IV has the 

IS three dimensional perspective as the contour 361 appears as if it is projected out of the surface of the product body 303 
while the region immediately surrounding the contour 361 appears as if it is engraved into the surface of the product 
body 303, in contrast to the gray background formed by the surface of the product body 303 elsewhere. 

Here, at a center of the contour 361 , the magnetic flakes in the paint layer 305 are oriented along the lines of mag- 
netic force 359 which are oriented to be parallel to the surface of the paint layer 305. so that the ridge portions are 

so formed at the centers of the contour 361. On the other hand, in the region 363 inside the contour 361. the magnetic 
flakes in the paint layer 305 are oriented along the lines of magnetic force which are oriented substantially perpendicu- 
lar to the surface of the paint layer 305, so that the region 363 appears as colored in black. Also, in the region 369 out- 
side of the contour 361 , the magnetic flakes In the paint layer 305 are oriented at random, as the magnetic field strength 
is negligibly weak there. 

25 Now. with reference to Figs. 39A to 39C In contrast to Figs. 38A to 38C described above, the difference between a 

case of forming the pattern by using the magnetic field adjustment member 355 along with the magnet 353 as shown 
in Figs. 38A to 380 and the case of forming the pattern by using only the magnet 353 as shown in Figs. 39A to 390 is 
described. 

Figs. 39A to 390 show a case of forming the pattern V including a contour 365 which has the widths W9, as shown 
30 In Rg. 39B, by using only the magnet 353 as shown in Fig. 390. 

Fig. 39A indicates the color in which different parts of the pattern V along K-K line depicted in Fig. 398 appear, 
where the middle line corresponds to the gray color of the product body 303 itself, and those portions above the middle 
line appear as colored in white and convexed in contrast to the surrounding portions, while those portions below the 
middle line appear as colored in black and concave in contrast to the surrounding portions. 
35 Here, as indicated in Rg. 39A. the contours 365 appears as colored In white and convexed, while a region 368 
Inside the contour 365 appears as colored in black and concave, and a region outside of the contour 365 appears as 
colored in gray, similarly to the case shown In Figs. 38A to 380. 

Also, as indicated in Fig. 390. the lines of magnetic force 367 in a vicinity of the outer contour 353a of the magnet 
353 are oriented from the N pole side to the S pole side of the magnet 353 at the paint layer 305, in contrast to the lines 
40 of magnetic field 359 shown in Fig. 380. 

By comparing the cases shown in Figs. 38A to 380 and Figs. 39A to 390, it can be noticed that the contour 361 
has more sharply defined outer and inner edges compared with outer and inner edges of the contour 365. as can be 
seen by comparing Rg. 38A and Fig. 39A. In addition, the width W8 of the contour 361 is narrower than the width W9 
of the contour 365. These differences are probably caused by the fact tiiat the adjustment of the magnetic field by the 
45 magnetic field adjustinent member 355 has significant contribution to the formation of the contour 361 so tiiat tiie lines 
of magnetic field 359 are significantiy different from tine lines of magnetic field 367. 

Namely, by attaching tiie magnetic field adjustment member 355 over the magnet 353 in the configuration as shown 
in Fig. 380. the position of the S pole is effectively displaced to the edge of the rim portion of the magnetic field adjust- 
ment member 355, such tiiat the magnetic flakes in the paint layer 305 in a vicinity of the outer contour 353a of tiie mag- 
so net 353 are oriented to be substantially parallel to the surface of the paint layer 305 within narrower widtii, in a case 
shown in Figs. 38A to 380. The exact value for tiie width W8 of tiie contour 361 depends on the outer radius R3 of the 
magnet 353 and the outer radius R4 of the magnetic field adjustirtent member 355, where tiie wkJtii W8 Is narrowed as 
the outer radius R4 of the magnetic field adjustment member 355 becomes smaller whereas the width W8 is widened 
as the outer radius R4 of tiie magnetic field adjustment member 355 becomes larger, while the outer radius R3 of the 
55 magnet 353 is fixed. 

Thus, by using the magnetic field adjustment member along with the magnet as In a case shown in Figs. 38A to 
380. it becomes possible to have the desired pattern witii different widtii and more sharply defined edges for tiie con- 
tour in tiie pattern. 

Referring now to Figs. 40A to 400. other configurations of the magnets for forming the desired pattern on the prod- 
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uct according to the present invention, which are suitable for the formation of more complicated patterns will be 
described In detail. 

Here, the procedure and apparatus for forming the desired pattern are similar to those described above in conjunc- 
tion with Fig. 33, except that instead of the first and second magnets 313 and 315, a first magnet 369 and a second 

5 magnet 371 are used. Here, as shown in Figs. 40B and 40C, the magnet 369 is a rod shaped permanent magnet having 
the N pole side facing against the lower surface of the product body 303, while the second magnet 371 is another rod 
shaped permanent magnet having a line joining the N pole and the S pole parallel to the lower surface of the product 
body 303, which is located at a prescribed distance D away from the first magnet 369. This second magnet 371 func- 
tions to adjust the magnetic field produced by the first magnet 369 as will be described in detail later. 

10 Consequently, as shown in Fig. 40C, the lines of magnetic force 373c in a vicinity of an outer side of the first magnet 
369 located away from the second magnet 371 are oriented from the N pole side to the S pole side of the first magnet 
369 at the paint layer 305, while in a vicinity of the region between the inner side of the first magnet 369 and the S pole 
side of the second magnet 371 , there are lines of magnetic field 373a which are oriented from the N pole side to the S 
pole side of the first magnet 369 at the paint layer 305 and the lines of magnetic force 373b which are oriented from the 

IS N pole side to the S pole side of the second magnet 371 at the paint layer 305, where the lines of magnetic force 373a 
and the lines of magnetic force 373b are mutually crossing with respect to each other. The positions at which the lines 
of magnetic force 373a, 373b, and 373c are oriented to be parallel to the surface of the paint layer 305 correspond to 
the ridge portions of the contours 375 and 377 of the pattern VI shown in Fig. 40B. 
Now. further detail of the formation of the desired pattern VI will be described. 

20 Here, as shown in Rg. 40B, the desired pattern VI in this case includes the first contour 375 having an outer part 
with the width W10 and an inner part with the width W1 1 , and the second contour 377 which have the width W1 2. 

Fig. 40A indicates the color in which different parts of the pattern VI along line L-L depicted in Fig. 40B appear, 
where the middle line corresponds to the gray color of the product body 303 itself, and those portions above the middle 
line appear as colored in white and convexed in contrast to the surrounding portions, while those portions below the 

25 middle line appear as colored in black and concave in contrast to the surrounding portions. Thus, the first and second 
contours 375 and 377 appear as colored in white and convexed. while a region 348 between the outer and middle con- 
tours 343 and 345, a region 379 between the outer part and the inner part of tiie first contour 375, and a region 381 
between the inner part of the first contour 375 and the second contour 377 appear as colored in black and concave, and 
a region outside of the outer part of the first contour 375 and the second contour 377 appear as colored In grey. Con- 

30 sequently, the pattern VI has the three dimensional perspective as the first and second contours 375 and 377 appear 
as if they are projected out of the surface of the product body 303 while the regions immediately surrounding these first 
and second contours 375 and 377 appear as if they are engraved into the surface of the product body 303, in contrast 
to the gray background formed by the surface of the product body 303 elsewhere. 

Now. further detail of the formation of the first and second contours 375 and 377 by the first and second magnets 

35 369 and 371 will be desaibed. 

Here, at a center of the first and second contours 375 and 377, the magnetic flakes in the paint layer 305 are ori- 
ented along the lines of magnetic force 373a, 373b, and 373c which are oriented to be parallel to the surface of the paint 
layer 305, so that the ridge portions are formed at the centers of the first and second contours 375 and 377. On the 
other hand, in the regions 379 and 381 , the magnetic flakes in the paint layer 305 are oriented along the lines of mag- 

40 netic face 373a. 373b and 373c which are oriented to be substantially perpendicular to the surface of tiie paint layer 
305. so tiiat tiiese regions 379 and 381 appear as colored in black. Also, in the region outside of the first and second 
contours 375 and 377, the magnetic flakes in the paint layer 305 are oriented at random, as the magnetic field strength 
is negligibly weak there. 

Now. with reference to Figs. 41 A to 41C in contrast to Figs. 40A to 40C described above, the difference between a 
45 case of forming the pattern by using two magnets as shown in Figs. 40A to 40C and the case of fbrnning the pattern by 
using only one magnet as shown in Figs. 41 A to 41 C is described. 

Figs. 41 A to 41 C show a case of forming the pattern VII including a contour 383 which has two parts, each having 
the width W14. as shown in Rg. 41 B. by using only the first magnet 369 as shown In Rg. 41 C. 

Rg. 41 A indicates the color in which different parts of the pattern VII along M-M line depicted in Fig. 41 B appear, 
50 where the middle line corresponds to tiie gray color of tiie product body 303 itself, and those portions above the middle 
line appear as colored In white and convexed in contest to tiie surrounding portions, while those portions below the 
middle line appear as colored in black and concave In contrast to tiie sun'ounding portions. 

Here, as indicated in Fig. 41 A, the contours 383 appear as colored in white and convexed, while a region 385 
between two parts of tiie contour 383 appears as colored in black and concave, and a region outside of the contour 383 
55 appears as colored in gray, similarly to the case of the first contour 375 shown in Figs. 40A to 40C. 

Also, as indicated in Fig. 41 C, the lines of magnetic force 387 in a vicinity of tiie outer sides of the first magnet 369 
are oriented from the N pole side to the S pole side of tiie magnet 369 at the paint layer 305, in contrast to the lines of 
magnetic field 373a. 373b, and 373c shown in Fig. 40C. 

By comparing tiie cases shown in Figs. 41 A to 41 C and Figs. 40A to 40C, it can be noticed tiiat In the case of Rgs. 
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40A to 40C there are first and second contours 375 and 377 in contrast to the single contour 383 in the case of Figs. 
41 A to 41 C. Moreover, the first and second contours 375 and 377 have more sharply defined outer and inner edges 
conpared with outer and inner edges of the contour 383. as can be seen by comparing Fig. 40A and Fig. 41 A. In par- 
ticular, the region 381 between the first and second contours 375 and 377 can appear as colored very dark in black, so 
5 that the parts of the first and second contours 375 and 377 located along this region 381 can have very sharply defined 
edges. 

In addition, the outer and inner parts of the first contour 375 and the second contour 377 are formed in three differ- 
ent widths W10. W1 1 . and W12. whereas two parts of the contour 383 are formed in the same width W14. These dif- 
ferences are probably caused by the fact that the magnetic field produced by the second magnet 371 has significant 

10 contribution to the formation of the first and second contours 375 and 377 so that the lines of magnetic field 373a, 373b, 
and 373c are significantly different from the lines of magnetic field 387. 

Namely, by placing the second magnet 371 next to the first magnet 369 in the configuration as shown in Fig. 40C. 
two sets of the lines of magnetic field 373b and 373c are formed between the first and second magnets 369 and 371 . 
conrpared with the single set of the lines of magnetic force 387. such that the magnetic flakes in the paint layer 305 

15 above the region between the first and second magnets 369 and 371 are oriented to be substantially parallel to the sur- 
face of the paint layer 305 at two locations, with different width at each location, in a case shown in Figs. 40A to 40C. 
The exact values for the widths W10 and W1 1 of the outer and inner parts of the first contours 375 depend on the dis- 
tance D between the first magnet 369 and the second magnet 371, where the widths W10 and W1 1 are narrowed as 
the distance D becomes smaller whereas the widths W1 0 and W1 1 are widened as the distance D becomes larger. 

20 Thus, by using two magnets as in a case shown in Rgs. 40A to 40C, it becomes possible to have the desired pat- 
tern with the contours with different widths and more sharply defined edges for the contour in the pattern. 

It is to be noted that, although the various configurations for the magnets used for forming the desired pattern on 
the product have been described above wherein the desired pattern is formed by placing the magnets on the back side 
of the product to be painted, the magnets can be used on the front side. In particular, in a case where it is difficult to 

25 place the magnets on the back side of the product to be painted appropriately due to the complicated shape of the back 
side of the product to be painted, the magnets may be placed on the front side of the product. In such a case, the appro- 
priate size and position of the magnets for forming the desired pattern on the front surface of the product can be deter- 
mined by regarding a distance between the magnets and the surface of the painted layer provided on the front surface 
of the product as a thickness of an imaginary product to be painted. Consequently, the positions of the magnets with 

30 respect to the paint layer are not restricted by the thickness of the product. 

It is also to be noted that, instead of the procedure described above In conjunction with Fig. 33. the various config- 
urations of the magnets for forming the desired pattern on the product described above can equally be achieved by 
forming the paint layer on the front surface of the product first, and then applying the magnetic field by the magnets 
while the painted layer maintains its fluidity so that the magnetic flakes contained within the paint layer can change their 

35 orientations according to the applied magnetic field. 

Referring now to Figs. 42A to 55B, the actual obsen/ation of the cross section of the painted surface of the product 
painted according to the present Invention will be reported In detail. 

I. Materials used 

40 

The observation was made by using the following specific materials. 
(I) Product to be painted 

A flat plate made of ABS (Acrylonitrile-Butadiene-Styrene) resin in a size of 1CX) x 150 x 2.0 mm, which has 
45 slightly yellowish ivory color, 
(ii) Paint mixture 

(1 ) Base coat paint layer 

so (a) Paint medium 

Primary agent: "Soflex 5300N" and "Soflex 5000N" which are acrylic urethane resin paints manufac- 
tured by Kansal Paint Co. Ltd. (Japan). 

Curing agent: "Sofflex 5300 Curing Agenf for "Soflex 5300N" and "Soflex 120 Curing Agent" for 
"Soflex 5000N". both of which are acrylic urethane resin paint curing agents manufactured by Kansai Paint 
65 Co. Ltd. (Japan). 

Mixing rate (in units of parts by weight): "Soflex 5300N'' : "Soflex 5300 Curing Agent" = 100 : 15 
"Soflex 5000N" : "Soflex 120 Curing Agent" = 100 : 10 

Solvent: "Retan PG Thinner" which is a xylene thinner manufactured by Kansai Paint Co. Ltd. (Japan), 
which was used to dilute the mixture of the primary agent and the curing agent until a viscosity of 12.0 to 
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1 2.5 sec for the Ford cup #4 was obtained, 
(b) Magnetic flakes 

"Novamet Fine Water Grade" which is flal« shaped Ni fine powder sold by Inco Inc. (Canada), each 
having a surface with a metallic luster in silver white. These magnetic flakes which originally have the par- 
5 tide sizes equal to 3 to 30 were classified to obtain an average particle size equal to 20 ^m. 

Mixing rate (in units of parts by weight): Vehicle : Magnetic flakes = 100 : 35 

(2) Top coat layer 

10 (a) Paint medium 

Primary agent: "Soflex 5000 Top Clear" which Is a transparent acrylic urethane resin paint manufac- 
tured by Kansai Paint Co. Ltd. (Japan). 

Curing agent: "Soflex 120 Curing Agent" which is an acrylic urethane resin paint curing agent manu- 
factured by Kansai Paint Co. Ltd. (Japan). 
IS Mixing rate (in units of parts by weight): 

Primary agent : Curing agent = 100 : 10 

(ill) Magnet "Magrubber 14 VS" which is a sheet shaped rubber magnet with thickness equal to 2.0 mm manufac- 
tured by Nichilay Magnet Co. Ltd. (Japan), which was prepared in a desired shape by the die cutting, and had the 
20 residual magnetic flux density equal to 2342Q, the magnetic coercive force equal to 2.2 KDe, specific magnetic 
coercive force equal to 2.7 KOe. and the maximum energy product equal to 1 .30 MGOe. 

II. Formation of pattern 

25 The desired doughnut shaped pattern X was formed by using the above described materials, according to the fol- 
lowing procedure. 

First, the sheet shaped rubber magnet M was die cut into a doughnut like shape in correspondence to the shape 
of the desired pattern X, as shown in Fig. 42A, and then attached on the back surfoce of the product body P by using 
adhesive tapes, as shown in Fig. 42B. 
30 Then, the paint mixture described above was spray painted uniformly on the front surface of the product body P by 
using a spray gun, so as to form the base coat paint layer B which has the thickness equal to 20 to 30 after the paint 
mixture is dried. 

After waiting for two to three minutes, the magnetic flakes In the base coat paint layer B became Immovable, and 

after further waiting for approximately thirty minutes, the volatile solvents used in the paint mixture were naturally vola- 
35 tilized. Then, after the magnet M was removed from the back surtece of the product P, a drier device was applied to the 

painted product P, in order to solidify the base coat paint layer B formed on the front surface of the product P 

Then, the top coat paint medium was also spray painted over the solidified base coat paint layer B to form the clear 

top coat layer C with the thickness approximately equal to 40 fim after the top coat paint medium is dried. In Rgures 45 

to 55, D represents the solidified resin mentioned in section III which follows. 
40 The formation of the pattern on the front surface of the product P was observed as soon as the paint mixture was 

spray painted. Similar results were obtained by using "Soflex 5300N" and "Soflex 5000N" as the primary agent of the 

paint mixture. 

According to this observation, the convexity/concavity, color, and appearance of the front surface of the product P 
with the pattern X formed thereon, at different portions Pa. Pb, Pc, Pd, and Pe indicated in Fig. 42A, were as follows. 

45 
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Portion 


Convexity/Concavity 


Color 


Appearance 


Pa 


Rat 


Gray 


Background 


Pb 


Convexed 


White 


Outer contour 


Pc 


Concave 


Black 


Groove 


Pd 


Convexed 


White 


Inner contour 


Pe 


Concave 


Black 


Central hole 



HI. Preparation for microscope observation 

A sample S for the microscope observation of the cross section of the painted surface of the product P was pre- 
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pared by using the product P painted by the paint mixture having "Soflex 5300N" as the primary agent, as follows. 

The sample S in a rectangular parallel-piped shape as shown in Fig. 43A was obtained by cutting the product P at 
line Q-Q and line Q*-Q' shown in Fig. 42A. Then, as shown in Fig. 43A. this sample S was placed inside the petri dish 
with the cross section at line Q-Q facing upwards. Next, the melted resin was poured into the petri dish until the cross 
5 section at line Q-Q was immersed into the melted resin, and the resin were solidified. Then, the sample S was taken 
out of the petri dish together with the solidified resin D, and the cross section at line Q-Q was polished by sandpaper in 
order to obtain a smooth observation surface. 

IV. Microscope observation and photomicrograph images 

10 

The observation surface of the sample S prepared as described above was observed at eleven different locations 
LO to L10 on the observation surface as indicated in Fig. 43B» by using a microscope with the magnification equal to 
1 00 and photomicrograph images were taken at these locations LO to LI 0. The result of this microscope observation is 
summarized in the table shown in Fig. 44, while the photomicrograph images taken at the locations LO to L1 0 are shown 
IS in Figs. 45A to 55A, respectively, accompanied by explanatory diagrams shown in Figs. 45B to 55B. respectively. 

In these Figs. 45B to 55B, even though the orientation angle 6 is indicated with respect to a plane in a middle of the 
sample S, the orientation angle 6 is actually measured with respect to the surface of the base coat layer B. 

It is to be noted that in the description of various embodiments above, the descriptions concerning overall orienta- 
tions of various features shown in the drawings have been adopted for the sake of definiteness of the description, but 
20 they can be modified according to the need. 

For instance, the apparatus for forming the paint layer on the surface of the product may be used sideways in which 
case the paint layer can be formed on tiie vertically held surface of the product by applying the spray painting in side- 
ways. 

it is also to be noted that, even though the multiplicity of tiny magnetic bodies to be mixed in tiie paint medium are 
25 described as the magnetic flakes In the above description of tiie preferred embodiments, the shape of the magnetic 
bodies to be mixed in tiie paint medium is not limited to the flake-like shape, and the present invention is equally valid 
for any desired non-spherical particle shapes of tiie magnetic bodies mixed in the paint medium. 

Furthermore, although the above examples describe the appearance of color as one of gray, white, or black, the 
colors of the product can be varied by adding appropriate colorants to the paint layer and/or the overcoat layer. The 
30 colors observed can also be affected by tiie type of magnetic flake used in tiie paint layer. 

It is also to be noted that besides those already mentioned above, many modifications and variations of the above 
embodiments may be made witiiout departing from the novel and advantageous features of the present invention. 
Accordingly, all such modifications and variations are intended to be included within tiie scope of tiie appended claims. 

35 Claims 

1 . A painted product witii a desired pattern formed thereon, comprising: 
a product body (11); 

40 a paint layer (1 5) formed on a surface of tiie product body (1 1) wherein said paint layer (15) comprises a paint 

medium capable of transmitting light rays incident on tiie paint layer (15), and a multiplicity of magnetic non- 
spherical particles (1 7) mixed into the paint medium and f ixed therein. 

wherein a pattern is formed by a region of said paint layer in which said particles (17) have at least one prede- 
termined orientation resulting in a transmission characteristic different from that corresponding to random ori- 
45 entation, 

characterized in that 

said particles in said paint layer are in an amount and tiie orientation of said particles in said region varies from a 
condition in which a maximum cross-section area of said particles is substantially parallel to a surface of said paint 
so layer (15) to a condition in which said cross-section area is oblique or perpendicular to said surface such tiiat tiie 
desired pattern having a three-dimensional appearance is stably visible on the surface of the product body (1 1) as 
the light rays incident on the paint layer are influenced differentiy with respect to reflection and/or absorption by said 
particles having varying orientations. 

55 2. A painted product of daim 1 . wherein the multiplicity of magnetic non-spherical particles (1 7) comprise particles 
comprised of one of nickel, cobalt, iron, and alloys including at least one of nickel, cobalt, and iron. 

3. A painted product of claim 1 , wherein tiie multiplicity of magnetic non-spherical particles (17) comprise non-spher- 
ical particle shaped magnetic bodies covered by a surface coating. 
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4. A painted product of claim 1 , further comprising a top coat layer (1 9) formed on the paint layer (1 5). which is capa- 
ble of transmitting the incident light rays. 

5. A painted product of claim 7. wherein at least one of the paint layer (1 5) and the top coat layer (1 9) Is colored. 

5 

6. A painted product of claim 1 , wherein the product body (11) comprises a non-magnetic material. 

7. A painted product of claim 6. wherein the product body (11) comprises a plastic material. 

10 8. A painted product of claim 1. wherein the product body is an approximately disk shaped automobile wheel cover 
made of plastic. 

9. A painted product of claim 8. wherein the desired pattern having prescribed contours is fbmied on a flat portion on 
a surface of the automobile wheel cover such that the prescribed contours appear three-dimensionally convexed or 

15 concaved compared with remaining portions on the fiat portion of the surface of the automobile wheel cover. 

10. A painted product of claim 9, wherein the prescribed contours are in shapes of wheel nuts which are provided in 
plurality at constant intervals along a circumferential direction on a circle centered around a center of the automo- 
bile wheel cover. 

20 

11. A painted product of claim 1, wherein the desired pattern has prescribed contours which are arranged to be sym- 
metrical with respect to a central point of an anangement of the desired pattern. 

12. A method of painting a product (11) so as to give a desired pattern formed on the painted product (1 1) comprising 
2S the steps of: 

(a) forming a paint layer (15) in a liquid state on a surface of the product (1 1), the paint layer (15) including: 
a paint medium capable of transmitting light rays incident on the paint layer (15); and a multiplicity of magnetic 
non-spherical particles (17) mixed into the paint medium; 
30 (b) applying a magnetic field to the paint layer in a region corresponding to said pattern so as to affect in said 

region as least one preferred orientation of said particles resulting in a transmission characteristic different 
from that corresponding to random orientation, 

(c) solidifying the paint layer (1 5) so as to fix said particles in the paint layer, 
35 Characterized by 

providing said particles in such an amount and applying a magnetic field, the field lines of which vary in said regions 
from an orientation sut>stantially parallel to a surface of the paint layer to an orientation oblique or perpendicular to 
said surface so as to orient said particles in such a manner that the desired pattern having a three-dimensional 
appearance is stably visible on the surface of the product (1 1) as the light rays incident on the paint layer are influ- 
40 enced differently witii respect to reflection and/or absorption by said particles having varying orientations according 
to tiie varying field line orientation in said region. 

13. A method of claim 12, further comprising the step of forming a top coat paint layer (19) capable of transmitting the 
light rays on the surface of tiie paint layer (1 5) solidified at the solidifying step. 

45 

1 4. A method of claim 1 2, wherein tiie forming step takes place while tine magnetic f ieki is applied by tiie applying step. 

15. A method of daim 12. wherein the applying step takes place after tine paint layer is formed on the surfece of the 
product by the forming step. 

so 

16. A metiiod of claim 12. wherein at tiie applying step, the magnetic fieki is applied by placing a magnetic field pro- 
duction means, having a shape con^esponding to tiie desired pattern to be formed, for producing the magnetic field 
in a vicinity of tiie surface of tiie painted product 

55 1 7. A metiiod of daim 1 6. wherein said magnetic field production means indudes: 

a primary magnet member for producing a primary magnetic field approximating the magnetic field in a config- 
uration corresponding to the desired pattern to be formed; and 

a magnetic field adjustment member for adjusting tiie primary magnetic field produced by the primary magnet 
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member, so as to produce the magnetic field in the desired configuration. 

1 8. A method of ciaim 1 7, wherein the magnetic field adjustment member is a magnet having poles oriented in opposite 
directions of poles of the primary magnet member. 

5 

19. The method of claim 1 7, wherein the magnetic field adjustment member is a magnet having poles oriented in iden- 
tical directions as directions of poles of the primary magnet member. 

20. A method of ciaim 1 7. wherein the magnetic field adjustment member is a magnet having poles oriented in direc- 
70 tions crossing with directions of poles of the primary magnet member. 

21 . A method of daim 1 7, wherein the magnetic field adjustment member is a magnetic field deforming member made 
from magnetic material. 

IS 22. A method of claim 1 6, wherein the magnetic field production means has a contour size smaller than a contour size 
of the desired pattern to be formed. 

23. A method of claim 12, wherein at the applying step, the first region of the magnetic field is arranged along a contour 
of the desired pattern to be formed. 

20 

24. A method of claim 12, wherein at the applying step, the first region of the magnetic field forms a line along the con- 
tour of the desired pattern to be formed. 

25. An apparatus for painting a product (71, 101, 301) with a desired pattern form on the painted product (71, 101, 
25 301), comprising: 

support means (79, 111, 309) for supporting the product (71, 101,301); 

painting means (91, 131, 325) for forming a paint layer (15) on the surface of the product (71, 101,301), the 
paint layer (15) comprising: 

30 a paint medium capable of transmitting light rays incident on the paint l^er (15); and 

a multiplicity of magnetic non-spherical particles (17) mixed into the paint medium; and 
magnetic field production means (83, 1 1 9, 31 3, 31 5) for applying a magnetic field to the paint layer (1 5) formed 
by the painting means (91, 131, 335) on the surface of the product (71, 101, 301) supported by the support 
means (79, 111. 309), said magnetic field production means being adapted to affect in a region of said paint 

35 layer con'esponding to said pattern at least one preferred orientation of said particles resulting in a transmis- 

sion characteristic different from that con'esponding to random orientation of said particles; 

characterized in that 

the magnetic field production means (83, 1 1 9. 31 3, 31 5) are further adapted to apply a magnetic field, the field lines 
40 of which vary in said region from an orientation substantially parallel to a surface of said painted layer to an orien- 
tation oblique or perpendicular to said surface so as to orient said particles in such a manner, 
and the particles in said paint layer are provided in such an amount that the desired pattern having a three-dimen- 
sional appearance is stable visible on the surface of the product body (71 , 1 01 . 301). as the light rays incident on 
the paint layer are influenced differently with respect to reflection and/or absorption by said particles having varying 
45 orientations in accordance with said varying orientation of field lines. 

26. An apparatus of claim 25, wherein said magnetic field production means includes: 

a primary magnet member for producing a primary magnetic field approximating the magnetic field iri a conflg- 
50 uration corresponding to the desired pattern to be formed; and 

a magnetic field adjustment member for adjusting the primary magnetic field produced by the primary magnet 
member, so as to produce the magnetic field in the desired configuration. 

27. An apparatus of claim 26, wherein the magnetic field adjustment member is a magnet having poles oriented in 
55 opposite directions to directions of poles of the primary magnet member. 

28. An apparatus of daim 26, wherein the magnetic field adjustment memt)er is a magnet having poles oriented in 
identical directions as directions of poles of the primary magnet member. 
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29. An apparatus of claim 26. wherein the magnetic field adjustment member Is a magnet having poles oriented in 
directions crossing with directions of poles of the primary magnet member. 

30. An apparatus of daim 26. wherein the magnetic field adjustment member is a magnetic field deforming member 
5 made from a magnetic material. 

31. An apparatus of claim 25. wherein the magnetic field production means has a contour size smaller than a contour 
size of the desired pattern to be formed. 

10 PatentansprOche 

1. Ein laddertes Produkt mit einem gewQnschten, darauf gebildeten Muster, welches umfaBt: 

einen ProduktkOrper (1 1); 

IS eine Lackschicht (15). die auf einer Oberfidche des Produktkdrpers (1 1) gebildet ist. wobei die Lackschicht 

(15) ein Lackmedium, welches in der Lage ist, auf die Lackschicht (15) einfallende Lichtstrahlen durchzulas- 
sen, und eine Vieizahl von magnetischen nichtsphSrischen Partikein (17). die dem Lackmedium beigemischt 
und darin f ixiert sind, umfaBt, 

wobei ein Muster durch einen Bereich der Lackschicht gebildet wird, in welchem die Partikel (17) wenlgstens 
20 eine vorbestlmmte Orlentierung aufweisen, welche zu einer DurchlaBcharakteristIk fuhrt, die unterschiedlich 

von deijenigen ist, die einer regellosen Orlentierung entsprlcht, 

dadurch gekennzelchnet. 

daB die Partikel in der Lackschicht in einer solchen Menge vorliegen und die Orlentierung der Partikel In dem 
25 Bereich von einem Zustand, in welchem eine maximale Querschnittsf Idche der Partikel im wesentlichen parallel zu 
einer Oberfl^che der Lackschicht (15) ausgerichtet ist, zu einem Zustand, in welchem die Querschnittsfldche 
geneigt Oder senkrecht zu der Oberf lache ist. variiert, so daB das gewunschte Muster mit dreidimensionalem Aus- 
sehen auf der der Oberf Idche des ProduktkOrpers (1 1) stabil sichtbar ist, indem die Lichtstrahlen, die auf die Lack- 
schicht einfallen, unterschiedlich in bezug auf Reflexion und/oder Absorption durch die Partikel mit 
30 unterschiedlichen Orientierungen beeinfluBt werden. 

2. Ein lackiertes Produkt nach Anspruch 1, wobei die Vieizahl magnetischer nichtsphSrischer Partikel (17) Partikel 
umfaBt, die Partikel aus Nickel, Kobalt, Eisen und/oder wenlgstens eines der Elements Nickel. Kobalt und Eisen 
enthaltenden Legierungen umfassen. 

35 

3. Ein lackiertes Produkt nach Anspruch 1 , wobei die Vieizahl von magnetischen nichtsph^rischen Partikein (17) als 
nichtsphSrische Partikel geformte magnetische Kdrper, die mit einer Oberfiachenbeschichtung bedeckt sind, 
umfaBt. 

40 4. Ein lackiertes Produkt nach Anspruch 1 , welches ferner einer obere, auf der Lackschicht (1 5) gebikiete Oberzugs- 
schicht (19), welche die einfallenden Lichtstrahlen durchldBt, umifaBt. 

5. Ein lackiertes Produkt nach Anspruch 1, wobei die Lackschicht (15) und/oder die obere Oberzugsschicht (19) 
gefdrbt ist. 

45 

6. Ein lackiertes Produkt nach Anspruch 1 , wobei der ProduktkOrper (1 1) an nichtmagnetisches Material umfaBt. 

7. Ein lackiertes Produkt nach Anspruch 6. wobei der ProduktkOrper (1 1) ein Plastlkmaterlal umfeiBt. 

so 8. Ein lackiertes Produkt nach Anspruch 1 , wobei der ProduktkOrper (11) eine etwa scheibenfOrmige, aus Plastik her- 
gestellte Automobilradabdeckung ist. 

9. Ein lackiertes Produkt nach Anspruch 8, wobei das gewunschte Muster mit vorgeschriebenen Konturen auf einem 
ebenen Abschnitt einer Oberf Idche der Automobilradabdeckung derart gebildet ist, daB die vorgeschriebenen Kon- 

55 turen dreidimensional konvex oder konkav verglichen mit veitleibenden Abschnitten auf dem ebenen Abschnitt der 
Oberf Idche der Automobilradabdeckung erscheinen. 

10. Ein lackiertes Produkt nach Anspruch 9, wobei die vorgeschriebenen Konturen die Form von Radmuttern aufwei- 
sen, welche in einer Vieizahl in konstanten Intervallen entiang einer Umfangsrichtung entlang eines urn die Mitte 
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der Automobilradabdeckung zentrierten Kreises vorgesehen sind. 

11. Ein iackiertes Produkt nach Anspruch 1, wobei das gewQnschte Muster vorfoestimmte Kbnturen aufweist. welche 
80 angeordnet sind, da3 sie symmetrisch in bezug auf einen zentralen Punkt einer Anordnung des gewQnschten 

5 Musters angeordnet sind. 

12. Ein Verfahren zum Lackieren elnes Produkts (1 1). urn es mit einem gewQnschten Muster zu versehen, das auf dem 
lakkierten Produkt (11) geblldet ist. mit den Verfehrensschrltten: 

10 (a) Bilden einer l^ckschicht (15) in einem flOssigen Zustand auf einer Oberfldche des Produkts (11). wobei die 

Lackschicht (15)enthait: 

ein Lackmedium, das in der Lage ist, auf die lackschicht (15) auftreffende Uchtstrahlen hindurchzulassen; und 
eine Vielzahl von magnetischen nichtsphdrischen Partikein (17). die dem l-ackmedium beigemischt sind; 

(b) Aniegen eines Magnetfelds an die Lackschicht in einem Bereich, der dem Muster entspricht. um so in dem 
IS Bereich wenigstens eine bevorzugte Orientierung der Partikel zu bewirken, was zu einer DurchlaBcharakteri- 

stik fOhrt, die unterschiedlich von derjenigen ist, welche einer regellosen Orientierung entspricht, 

(c) Verfestigen der Lackschicht (15). um so die Partikel in der Lackschicht zu fixieren. 

gekennzeichnet durch 

20 Vorsehen der Partikel in einer solchen Menge und Aniegen eines Magnetfelds, dessen Feldlinien In dem Bereich 
von einer Orientierung Im wesentlichen parallel zu einer Oberfldche der Lackschicht zu einer Orientierung geneigt 
Oder senkrecht zu der Oberfldche der Lackschicht variieren. um so die Partikel in einer solchen Weise auszurich- 
ten. da3 das gewQnschte Muster in dreidimensionaler Erscheinung stabil auf der Oberfldche des Produkts (11) 
sichtbar ist. indem die auf die Lackschicht auffallenden Uchtstrahlen unterschiedlich in bezug auf Reflexion 

25 und/oder Absorption durch die Partikel mit variierenden Orientierungen entsprechend der variierenden Feldlinien- 
orientierung In dem Bereich beeinfluBt werden. 

13. Ein Vertehren nach Anspruch 1 2, welches ferner den Schritt der Bildung einer fQr Uchtstrahlen durchldssigen obe- 
ren Qberzugslackschicht (19) auf der Oberfldche der in dem Verfestigungsschritt verfestigten Lackschicht (15) 

30 umfa3t. 

14. Ein Verfahren nach Anspruch 12. wobei der Schritt der Lackschichtbildung stattfindet. wdhrend das magnetische 
Feld durch den Aniegungsschritt angelegt Ist. 

35 15. Ein Verfahren nach Anspruch 1 2, wobei der Schritt der Aniegung des Magnetfeldes stattfindet. nachdem die Lack- 
schicht auf der Oberfldche des Produkts durch den Bildungsschritt geblldet Ist. 

16. Ein Verfahren nach Anspruch 12. wobei in dem Aniegungsschritt das Magnetfeld durch Plazieren einer Magnetfel- 
derzeugungseinrichtung mit einer Form, die dem zu bildenden gewQnschten Muster entspricht, zum Erzeugen des 

40 Magnetfelds in einer Ndhe der Oberfldche des lackierten Produkts angelegt wird. 

17. Ein Verfehren nach Anspruch 16. wobei die Magnetfelderzeugungs^'nrichtung enthdit: 

ein Primdrmagnetteii zum Erzeugen eines primdren Magnetfeldes, das dem Magnetfeld in einer Konfiguration 
45 angendhert ist. die dem zu bildenden gewQnschten Muster entspricht; und 

ein Magnetfeldeinstellteil zum Einstellen des Primdrmagnetfelds. das durch das Primdrmagnetteii erzeugt 
wird, um so das magnetische Feld in der gewQnschten Konfiguration zu bikien. 

18. Ein Verfahren nach Anspruch 1 7, wobei das Magnetfeldeinstellteil ein Magnet ist, welcher Pole aufweist, die in ent- 
50 gegengesetzten Richtungen von Pden des Primdrmagnettells ausgerichtet sind. 

19. Das Verfahren nach Anspruch 17, wobei das Magnetfeldeinstellteil ein Magnet ist welcher Pole aufweist, die in 
kJentischen Richtungen wie die Richtungen von Pden des Primdrmagnettells ausgerichtet sind. 

55 20. Ein Verfahren nach Anspruch 17, wobei das Magnetfeldeinstellteil ein Magnet ist, welcher Pole aufweist die in 
Richtungen ausgerichtet sind. welche Richtungen der Pole des Primdrmagnettells kreuzen. 

21. Ein Verfahren nach Anspruch 17, wobei das Magnetfeldeinstellteil ein Magnetfelddeformationsteil 1st das aus 
magnetsichem Material hergestellt ist. 
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22. Ein Verfahren nach Anspruch 16. wobei die Magnetfelderzeugungseinrichtung ein Konturformat aufweist, welches 
kleiner als ein Konturformat des zu bildenden gewQnschten Musters ist. 

23. Ein Verfahren nach Anspruch 12. wobei in dem Aniegungsschritt der erste Bereich des MagnetfekJs entlang einer 
Kontur des zu bildenden gewunschlen Musters angeordnet ist. 

24. Ein Verlahren nach Anspruch 12. wobei in dem Aniegungsschritt der erste Bereich des Magnetfelds eine Linie ent- 
lang der Kontur des zu bildenden gewQnschten Musters bildet. 

25. Eine Vorrichtung zum Lackieren eines Produkts (71 . 101 , 301) mit einem gewQnschten, auf dem lackierten Produkt 
(71, 101, 301) gebildeten Muster, welche umfa6t: 

eine Trdgereinrichtung (79. Ill, 309) zum Halterndes Produkts (71, 101. 301); 

einer Lackiereinrichtung (91, 131. 325) zum Bilden einer Lackschicht (15) auf der Oberfidche des Produkts 
(71. 101 . 301). wobei die Lackschicht (15) umfaBt: 

ein Lackmedlum. das in der l^ge ist, auf die lackschicht (15) auftreffende Lichtstrahlen durchzulassen; und 
eine Vielzahl von magnetischen nichtsphdrischen Partikein (17). die dem Lackmedium beigemischt sind; und 
eine Magnetfelderzeugungseinrichtung (83, 119, 313. 315) zum Aniegen eines Magnetfelds an die Lack- 
schicht (1 5), die durch die Lackiereinrichtung (91,131. 335) auf der Oberf Idche des durch die Trdgereinrich- 
tung (79. 111. 309) gehaherten Produkts (71. 101, 301) gebildet ist. wobei die Magnetfelder- 
zeugungseinrichtung dazu vorgesehen ist. in einem Bereich der Lackschicht. die dem Muster entsprtcht. 
wenigstens eine bevorzugte Orientierung der Partikel mit dem Resultat zu bewirken. da3 die DurchlaBcharak- 
teristik unterschiedlich von derjenigen ist, welche einer regellosen Orientierung der Partikel entspricht; 

dadurch gekennzelchnet. 

daB die Magnetfelderzeugungseinrichtung (83. 119, 313, 315) ferner dazu vorgesehen ist. ein Magnetfeld anzule- 
gen, dessen Feldlinien in dem Bereich von einer Ausrichtung im wesentlichen parallel zu einer Oberfiache der 
Lackschicht zu einer Ausrichtung geneigt Oder senkrecht zu der Oberfldche variieren. um so die Partikel in einer 
solchen Weise auszurichten, 

und die Partikel In der Lackschicht in einer solchen Menge vorgesehen sind, da3 das gewQnschte Muster in einem 
dreidimensionalen Erscheinungsbild stabil auf der Oberfldche des ProduktkOrpers (71, 101, 301) sichtbar ist, 
indem die auf die Lackschicht auftreffenden Lichtstrahlen unterschiedlich in bezug auf Reflexion und/oder Absorp- 
tion durch die Partikel, welche variierende Orientierungen entsprechend der variierenden Ausrichtung der Fekili- 
nien aufweisen. beeinfluBt werden. 

26. Eine Vorrichtung nach Anspruch 25. wobei die MagnetfekJerzeugungseinrichtung enthdlt: 

ein Primdrmagnetteil zum Erzeugen eines Primdrmagnetfeldes. das dem Magnetfeld in einer Konfiguration 
angenahert ist. die dem zu bildenden gewQnschten Muster entspricht: und 

ein Magnetfeldeinstellteil zum Einstellen des durch das Primdrmagnetteil erzeugten Primdrmagnetfeldes. um 
so das Magnetfeki in der gewQnschten Konfiguration zu erzeugen. 

27. Eine Vorrichtung nach Anspruch 26. wobei das Magnetfeldeinstellteil ein Magnet ist, welches Pole aufweist, die in 
entgegengesetzten Richtungen zu den Richtungen der Pole des Primdrmagnetteils ausgerichtet sind. 

28. Eine Vorrichtung nach Anspruch 26. wobei das Magnetfekieinstellteil ein Magnet ist, welches Pole aufweist, die in 
identischen Richtungen wie die Richtungen der Pole des Primdrmagnetteils ausgerichtet sind. 

29. Eine Vorrichtung nach Anspruch 26. wobei das Magnetfekleinstellteil ein Magnet ist, welches Pole aufweist, die in 
Richtungen ausgerichtet sind, welche Richtungen von Polen des Primdrmagnetteils kreuzen. 

30. Eine Vorrichtung nach Anspruch 26, wobei das Magnetfeldeinstellteil ein Magnetfelddefbrmationsteil ist, welches 
aus einem magnetischen Material hergestellt ist. 

31. Eine Vorrichtung nach Anspruch 25, wobei die MagnetfekJerzeugungseinrichtung ein Konturformat aufweist. wel- 
ches kleiner als ein Konturformat des zu bildenden gewQnschten Musters ist. 
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Revendlcations 

1 . Produit peint ayant un motif souhait^ fom§ sur celui-ci. comprenant : 

5 un corps (1 1) de produit ; 

une oouche (15) de peinture form^e sur une surface du corps (11) de produH, dans lequel ladite couche (15) 
de peinture comprend un milieu de peinture capable de transmettre des rayons lumineux incidents sur la cou- 
che (15) de peinture. et une multiplicity de particules (17) magn^tiques non sph^riques m6lang6es au milieu 
de peinture et f ix^es dans celui-ci. 

10 dans lequel un motif est form6 par une region de ladite couche de peinture dans laqueile lesdites parti- 

cules (1 7) ont au moins une orientation pr^^termin^e conduisant k une caract^ristique de transmission diff6- 
rente de celle qui correspond k une orientation al^atoire, 

caract6rls6 en ce que 

IS lesdites particules dans ladite couche de peinture sont dans une proportion telle, et {'orientation desdites 

particules dans ladite region varie d'un 6tat dans lequel une section transversale maximale desdites particules est 
sensiblement parall^le k une surface de ladite couche (15) de peinture, k un 6tat dans lequel ladite section trans- 
versale est oblique ou perpendiculaire k ladite surface, d'une mani^re telle, que le motif souhait^ ayant un aspect 
tridimensionnel soit visible de fagon stable sur la surface du corps (1 1 ) de produit 6tant donn6 que les rayons lumi- 

20 neux incidents sur la couche de peinture sont influence de fagon diff^rente en ce qui concerne la reflexion et/ou 
{'absorption par lesdites particules ayant des orientations variables. 

2. Produit peint selon ia revendication 1, dans lequel la multiplicity de particules (17) magn6tiques non sph^riques 
comprend des particules constitutes de i'un du nickel, du cobalt, du fer et d'alliages comprenant au moins I'un du 

£5 nickel, du cobalt et du fer. 

3. Produit peint selon la revendication 1, dans lequel la multiplicity de particules (17) magnttiques non sphtriques 
comprend des corps magndtiques ayant la forme de particules non sphtriques recouverts d'un revdtement de sur- 
face. 

30 

4. Produit peint selon la revendication 1 , comprenant en outre une couche (1 9) de rev§tement suptrieure fbrmte sur 
la couche (15) de peinture, qui est capable de ti'ansmettre les rayons lumineux incidents. 

5. Produit peint selon la revendication 1 , dans lequel au moins une de la couche (1 5) de peinture et de la couche (1 9) 
35 de revytement suptrieure est colorye. 

6. Produit peint selon la r^endication 1 , dans lequel le corps (1 1) de produit comprend une mati^re non magnttique. 

7. Produit peint selon la revendication 6, dans lequel le corps (1 1) de produit comprend une mati^re plastique. 

40 

8. Produit peint selon la revendication 1 , dans lequel le corps de produit est un enjoliveur de roue d'automobile ayant 
approximativement la forme d'un disque, fait de plastique. 

9. Produit peint selon la revendication 8, dans lequel le motif souhaity ayant des contours prescrits est formy sur une 
45 partie plane d'une surface d'un enjoliveur de roue d'automobile de telle fagon que les contours prescrits paraissent 

convexes ou concaves de fagon tridimensionnelle, par comparaison aux parties restantes de la partie plane de la 
surface de I'enjoliveur de roue d'automobile. 

10. Produit peint selon la revendication 9, dans lequel les contours prescrits ont des formes d'ycrous de roue qui sont 
50 disposys en plurality k des intervalles constants le long de la circonfyrence d'un cercle centry sur un centre de 

I'enjoliveur de roue d'automobile. 

1 1 . Produit peint selon la revendication 1 , dans lequel le motif souhaity a des contours prescrits qui sont agencys de 
faQon k §tre symytriques par rapport k un point central d'un agencement du motif souhaity. 

55 

12. Procydy pour peindre un produit (1 1) de fagon k obtenir un motif souhaity sur le produit (1 1) peint, comprenant les 
ytapes : 

(a) de formation d'une couche (15) de peinture k rytat liquide sur une surface du produit (1 1). la couche (15) 
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de peinture contenant : 

un milieu de peinture capable de transmettre des rayons lumineux incidents sur la couche (15) de pein- 
ture ; et une nnultiplicit^ de particules (17) magn^tiques non sph^rlques m61ang6es au milieu de peinture ; 

(b) d'application d'un champ magn^tlque ^ la couche de peinture dans une region correspondent audit motif 
5 de fagon k produire, dans iadite r^ion, au moins une orientation pr^^r^e desdites particules condulsant k une 

caract6ristique de transmission drff^rente de celle qui correspond ^ une orientation al6atoire, 

(c) de solidification de la couche (15) de peinture de fagon k fixer lesdites particules dans Iadite couche de 
peinture, 

10 caract6ris6 par 

le fait d'utiliser lesdites particules dans une proportion telle, et d'appliquer un champ magn^tique dont les 
lignes de champ variant dans lesdites regions d'une orientation sensiblement parall^le ^ une surface de la couche 
de peinture k une orientation oblique ou perpendlculaire k Iadite surfece. de fagon k orlenter lesdites particules 
d'une mani^re telle, que le motif souhait6 ayant un aspect trldimensionnel soit visible de fagon stable sur la surface 

IS du produ'rt (1 1), 6tant donnd que les rayons lumineux incidents sur la couche de peinture sont influences de fagon 
diff^rente en ce qui concerne la reflexion et/ou Tabsorption par lesdites particules ayant des orientations variables 
en fonction de Torientation variable des lignes de champ dans Iadite region. 

13. Proc6d6 selon la revendication 12, comprenant en outre r^tape de formation d'une couche de peinture (19) de 
20 revStement sup^rieure capable de transmettre des rayons lumineux sur la surface de la couche (15) de peinture 

solidif i6e lors de r^tape de solidification. 

14. Proc^6 selon la revendication 12. dans lequel r^tape de formation a lieu pendant que le champ magndtique est 
applique par I'^tape d'application. 

25 

15. Proc^de selon la revendication 12, dans lequel I'etape d'application a lieu aprds que la couche de peinture a 6t6 
fbrm^e sur la surface du produit par I'^tape de formation. 

16. Proc^de selon la revendication 12, dans lequel, lors I'^tape d'application, le champ magn6tique est applique par 
30 mise en place de moyens de production d'un champ magnetique, ayant une forme correspondent au motif souhaite 

k fbmier, pour produire le champ magnetique dans un voisinage de la surface du produit peint 

17. Procede selon la revendication 16, dans lequel lesdits moyens de production de champ magnetique comportent : 

35 un element k aimant primaire pour produire un champ magnetique primaire constituant une approximation du 

champ magnetique selon une configuration qui correspond au motif souhaite k former ; et 
un element d'ajustement du champ magnetique pour ajuster le champ magnetique primaire produit par reie- 
ment k aimant primaire, de fagon k produire le champ magnetique selon la configuration souhaitee. 

40 18. Precede selon la revendication 17, dans lequel I'eiement d'ajustement du champ magnetique est un aimant ayant 
des pdles orientes dans des directions opposees aux pdles de reiement k aimant primaire. 

19. Precede selon la revendication 17, dans lequel reiement d'ajustement du champ magnetique est un aimant ayant 
des pdles orientes dans des directions identiques aux directions des pdles de reiement k aimant primaire. 

45 

20. Precede selon la revendication 17, dans lequel reiement d'ajustement du champ magnetique est un aimant ayant 
des pOles orientes dans des directions croisees par rapport aux directions des p6les de reiement k aimant pri- 
maire. 

so 21. Precede selon la revendication 17, dans lequel reiement d'ajustement du champ magnetique est un element de 
deformation du champ magnetique constitue d'une matiere magnetique. 

22. Precede selon la revendication 16, dans lequel les moyens de production de champ magnetique ont une taille de 
contour plus petite qu'une taille de contour du motif souhaite k former. 

55 

23. Precede selon la revendication 12, dans lequel, lors de retape d'application, la premiere region du champ magne- 
tique est agencee le long d'un contour du motif souhaite k former. 

24. Precede selon la revendication 12, dans lequel, lors de retape d'application, la premiere region du chanp magne- 
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tique forme une tigne le fong du oontour du motif souhait^ k former. 

25. Appareil pour peindre un produit (71, 101. 301) avec une forme de motif souhait^e sur le produit peint (71. 101, 
301), cx>mprenant : 

5 

des moyens (79, 111, 309) de support pour supporter le produit (71 , 101 , 301) ; 

des moyens (91 . 131 , 325) de peinture pour former une couche (15) de peinture sur la surface du produit (71 . 
101, 301), la couche (15) de peinture oomprenant : 

un milieu de peinture capable de transmettre des rayons lumineux incidents sur la couche (1 5) de peinture ; et 
10 une multiplicity de particules (17) magn^tiques non sph^riques m^lang^es au milieu de peinture ; et 

des moyens (83, 119, 313, 315) de production de champ magn6tique pour appliquer un champ magn§tique k 
la couche (1 5) de peinture form^e paries moyens (91, 131, 335) de peinture sur la surface du produit (71. 101, 
301) support^e par les moyens (79, 1 1 1 . 309) de support, lesdits moyens de production de champ magn^tique 
6tant adapt§s k produire, dans une region de ladHe couche de peinture qui correspond audit motif, au moins 
IS une orientation pr^f^r^e desdites particules condulsant k une caract6ristique de transmission diff6rente de 

celle qui correspond k une orientation al^atoire desdites particules ; 

caract6ris6 en ce que 

les moyens (83, 119. 313. 315) de production de champ magn^tique sont en outre adapt^s k appliquer un 
20 champ magn^tique dont les lignes de champ varient, dans ladite r^ion, d'une orientation sensiblement parall^le 
k une surface de ladite couche peinte ^ une orientation oblique ou perpendiculaire k ladite surface, de fagon k 
orienter lesdites particules d'une mani^re telle, et les particules de ladite couche de peinture sont utilis^es dans 
une proportion telle, que le motif souhait6 ayant un aspect tridimensionnel soit visible de fagon stable sur la surface 
du corps (71, 101, 301) du produit, 6tant donn6 que les rayons lumineux incidents sur la couche de peinture sont 
25 influences de fegon diff^ente en ce qui concerne la reflexion et/ou I'absorption par lesdites particules qui ont des 
orientations variant en fonction de ladite orientation variable des lignes de champ. 

26. Appareil selon la revendicatlon 25. dans lequel lesdits moyens de production de champ magndtique comportent : 

30 un element k almant primaire pour produire un champ magn6tique primaire constituent une approximation du 

champ magn^tique selon une configuration qui correspond au motif souhait§ k former ; et 
un element d'ajustement du champ magn^tique pour ajuster le champ magn^tique primaire produit par I'6I6- 
ment k aimant primaire, de fagon k produire le champ magn§tique selon la configuration souhait^e. 

3S 27. Appareil selon la revendicatlon 26, dans lequel I*6l6ment d'ajustement du champ magn^tique est un aimant ayant 
des pdles orient^s dans des directions oppos^es aux directions des pOles de r6l6ment k aimant primaire. 

28. Appareil selon la revendicatlon 26, dans lequel I'^l^ment d'ajustement du champ magn6tique est un aimant ayant 
des pdles orients dans des directions identiques aux directions des pdles de I'^l^ment k aimant primaire. 

40 

29. Appareil selon la revendicatlon 26, dans lequel I'^l^ment d'ajustement du champ magn6tlque est un aimant ayant 
des pdles orient6s dans des directions crois^es par rapport aux directions des pdles de I'^l^ment k aimant pri- 
maire. 

45 30. Appareil selon la revendicatlon 26, dans lequel I'^l^ment d'ajustement du champ magn^ique est un 6l6ment de 
deformation du champ magn^tique constitu^ d'une mati^re magn^tique. 

31 . Appareil selon la revendicatlon 25, dans lequel les moyens de production de champ magn^tique ont une taille de 
contour plus petite qu'une taille de contour du motif souhaite k former. 

so 
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